
The Journal of 
iryngology and Otology 




The Journal of 
Laryngology and Otology 

EDITED BY 

WALTER HOWARTH 

WITH Tilt ASSISTANCE OF 

W. M. xMOLLISON 

FOUNDED IN 1887 BF MORELL MACKENZIE AND 
NORRIS irOLFENDEN 

VOLUME SIXTY-ONE 


London 

Published for the Proprietors by 

HEADLEY BROTHERS 

109 Kingsway, W.C.2 
1946 



tttlMTJSO BV 
HEAPlXy BROTHXRS 
X^VICTA PRESS, ASHFORP. 
ANP *09 KIRGSWA^ 
tONPOR, W.C.2 



VI 


ADVERTISEMENTS 


CONTENTS 

PAGE 

Penicillin in Otorhinolaryngology C A Hutchinson 

(Salisbury) i 

Congenital Sinuses of the External Ear M R Ewing 

(Surgeon Lieut , R IS V R ) i8 

Fenestration of the Labyrinth O Popper (Johannesburg) 24 

Clinical Record — 

Perforation of the Aorta by a Foreign Body m the (Esophagus 

H J Barrie and V Townrow (Sheffield) 38 

Abstracts — 

The Ear 43 

Some remarks on \estibul3r Nj^stagmus A De Kleyn Uber Die Gehort^e^ 

besserunt; Mit Hore 

on tbe Labyrinth 

by Swimm eg Jo 

tuning forks and 

S H Mjgind 

The Xose 45 


er Rasmussen 


The Tonsils 46 

Tonsillectomy General or Local Anxstbes a Karsten Kette) Cases of 
Familial (Tsopbagus Stricture S gfrid Aberg 

Miscellaneous 47 

Osteomyelitis Necrot cans Faciei Helmer Rasmussen CompJ cat ons in the 
Ear Nose and Throat in Infectious Mononucleosis Elmar Berg 



Please mention Tie Journal oj iMiyneoU^ when replying to advertisements 



ADVERTISEMENTS 


V 


TRADE MARK 

SCUHOFURM' 

Brand Butoform 


in laryngeal tube rcu losis 


When tuberculosis of the larynx has become extrinsic 
infecting the pharynx and leading to ulceration and peri- 
chondritis the act of swallowing even semi-solid foods 
becomes difficult and painful. In these cases prolonged 
local analgesia of the affected area is of assistance in main- 
taining the nutrition of the patient, 

' Scuroform,' a surface analgesic of low toxicity, applied 
from an insufflator, either at full strength, or with an equal 
part of lactose, together with one or two per cent, of 
menthol provides relief. Applications may be frequent 
and left entirely to the discretion of the patient. 

Some less severe cases may obtain a measure of relief 
from spraying the larynx with * Scuroform ' Solution in oil 
or by sucking ' Scuroform ’ Lozenges before food. 

POWDER SOLUTION 

Containers of 25 gramme In oil 

Containers of 25 c.c. 

LOZENGES 

Containers of 40. 

MANUFACTURED BY 

MAY & BAKER LTD. 

I——— ■■■ I DISTRIBUTORS ■— 

PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD., DAGENHAM 

9011 ■ 


SOLUTION 

In Glycerine and Alcohol 
Containers of 25 c.c. 


Please mention Tie Jourtsal of Laiyngology when replying to advertisements 



VI 


ADVERTISElVffiNTS 


CONTENTS 

r\G 

Contributions to Functional Pathology — IV. Clinical 
Notes on Progrcss/vi: Congenital Diaeness 
r. Kobrak (London) ... 49 

Temporarv Deafness Due to Gunfire N E MurraA and 

G Reid (Capt . A A M C ) . . . . 92 

Clinical Record — 

Herpes Zoster Oticus — (\nth Oun Case Notes) Geoffrev 

Morey (Lincoln) . . 13 1 



Please mention The Journal of Luaymnlogy when replying to advertisements 



ADVERTISEMENTS 





SHORTENS THE COURSE OF INFECTION 
AND AVERTS SEQUEL/E TO COLDS 



(A sitsjjeustod o{ micro-crystalline (‘ Mickraform’l snlphnthiazole, 5%, 
in an isotonic solution of ‘ Paredrinex,’ 1%). 


‘Sulfex’* has proved strikingly effective, both with adults 
and children, in the treatment of nasal and sinus infections — 
especially those secondary to common colds. Nasopharyngeal 
sore throat often responds to ‘Sulfex’ within twenty-four hours. 
The suspension has the following advantages : — 

(1) PROLONGED BACTERIOSTASIS. The ‘ Micltraform ’* 
crystals of free sulphathiazole are not quicklj' washed away, but form 
an even frosting over the nasal mucosa, thus providing prolonged 
bacteriostasis precisely where it is needed most. 


(2) NON-STIMULATING VASOCONSTRICTION. While 
‘ Paredrinex ’* exerts a rapid and complete shrinking action, it does 
not produce nervous side-efiects such as restlessness and insomnia. 


(3) THERAPEUTICALLY IDEAL pH (5-5 to 6-5). ‘ SuKex ’ 
does not cause stinging or irritation. Its slightly acid pH range is 
identical vdth that of normal nasal secretions. 

Available, on prescription only, in 1-oz. bottles -srith dropper. 
Price 5/1 including P.T. Special 8-oz. pack for hospitals. 

Samples and further details on signed request of physicians. 


•F 


MENLEY & JAMES LIMITED 

12}, COLDHARBOUR LANE, LONDON, S.E. 5 

For Smith, Kline & French Laboratories, owners of the Trade Marks* 

PS2 


Please mention The Journal of laryngology when replying to advertisements 



VI 


ADVERTISEMENTS 


CONTENTS 

A New Method of Testing the Hl\ri\g Efuciency or 
A\ lATiON Candidates Air Commodore 1 D D 
Dickson \\ mg Commander J F Simpson Squadron 
Leader D B I r\ Flight Liciit G F Swindell Fljmg 
Oflicer RFC Brown 

Some Experiments which indicate that thi Frogs Lagfna 
HAS an Equiliurial FUNCTION I P J MacNauglitan 
(Edinburgh) and W J McNallj (Montreal) 

Clinical Records — 

^^estlbuIar C3Sts A S Handoiisi Bey (Cairo) 

A Case of Subdural •\bsccss Secondar\ to Acute I rontal 
Sinusitis P C Rushton (Cambridge) 

Lltter to Editor 



FOR SALE 

SURGICAL INSTRUMENTS (Oto Rhino Laryngol ) m excellent 

condition Consulting room furniture, pantostat 
Apply Box No 106, Headley Brothers 109 Kingsway, London, W c 2 


Please mention The Journal of Laiyn^l(^ when replying to advertisements 



ADVERTISEMENTS 


V 


PIMACRIIVIE .... 

TRADE MARK 

euflavine antiseptic lozenges 

Pianacrine lozenges, designed for oral ad- 
ministration in various affections of the mouth 
and throat, owe their antibacterial properties 
to the euflavine content. They are free from 
irritating effects on mucous membrane and 
taken even in large quantities, are non-toxic. 
The taste is agreeable. 

In follicular tonsilitis the use of ‘ Pianacrine ’ 
brand lozenges tends to reduce the inflamma- 
tion and prevent the spread of infection to the 
tonsillar crypts. After the evacuation of the 
pus of a peritonsillar abscess the disinfectant 
action of the lozenges is of value. 

Supplied in pocket containers of 40 lozenges 
each containing 3 mgm. of Euflavine. 



PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD., DAGENHAM 


90i5 


Please mention Tif Journal of iMiyngologf 'srhen replying to advertisements 



VI 


ADVERTISEMENTS 


CONTENTS 

PAgf 

A Suggested Method for Measuring the Attenuation of 
Sound B'i Flmng Helmets Air Commodore 
E D D Dickson Sq Leader D B Frj Flight Lt 
G E Siimdell Tl} mg Ofiicer R L C Broun i 2 i 

Considerations Rigarding theSecond\r\ After Sensations 
CAUSED B\ A Stimulation or the Slmicircllar Canal 
Sastem L B W Jongkees and J J Groen (Utrecht) 2^1 

Clinical Records — 

Large Extradural Abscess in thi Occipital Rfgion 
Secondary to Mastoiditis J W S Lindahl (London; 

Obseraatioss on the Incidence of Acoustic Trauma in 
THE Training of Infantramen Sq Leader P S 
MeATick (London) 2^8 

Clinical Note — • 

Urea A Useful Agent in the treatment of Suppurative 
Conditions of the External Auditory Meatus and 
Nasal Vestibule J L D Wilbams (Manchester) 251 

Societies’ Proceedings — 

Roa al Society of Medicine — Section of Lara ngology 254 



Please mention Tie Journal oj when replying to advertisements 



ADVERTISEMENTS 


V 




SHORTENS THE COURSE OF INFECTION 
AND AVERTS SEQUELiE TO COLDS 



(A suspension of micro-crystalline (‘ Mickraform ’) siJphathiazole, 5%, 
in an isotonic solution of ‘ Paredrinex,’ 1%). 


‘Sulfex’* has proved strikingly effective, both with adults 
and children, in the treatment of nasal and sinus infections — 
especially those secondary to common colds. Nasopharyngeal 
sore throat often responds to ‘Sulfex’ within twenty-four hours. 
The suspension has the following advantages : — 

(1) PROLONGED BACTERIOSTASIS. The ‘ Jliclrraform ’* 
crystals of free sulphatliiazole are not gttickly washed away, but form 
an even frosting over the nasal mucosa, thus providing prolonged 
bacteriostasis precisely where it is needed most. 

(2) NON-STIMULATING VASOCONSTRICTION. While 
‘ Paredrinex ’* exerts a rapid and complete shrinking action, it does 
not produce nervous side-effects such as restlessness and insomnia. 

(3) THERAPEUTICALLY IDEAL pH (5-5 to 6-5). ‘ Sulfex ’ 
does not cause stinging or irritation. Its slightly acid pH range is 
identical with that of normal nasal secretions. 

Available, on prescription only, in l-oz. bottles with dropper. 

Price 5/1 including P.T. Special 8-oz. pack for hospitals. 

Samples and further details on signed request of physicians. 


MENLEY & JAMES LIMITED 

123, COLDHARBOUR LANE, LONDON, S.E., 

For Smith, Kline & French Laboratories, owners of the Trade Marks* 

PS2 


PJease mention The Jourmi of L^ryttgohgywhcn replying to advertisements 



VI 


A D VERTISE^NIE: vTT 


CONTENTS 


Pacchionic Granulations am> Brain Hernj^__ ^ 
(Amsterdam) 

Epistams or Sinusal Origin Eugenio Romero Dnlt i ,r' 
Clinical Record — 

Cavernous Sinus Thrombophlebitis — A Rep'-t ^ 
Consecutue Recoveries J L Reid and > if r i ' 
(Newcastle on T\ne) ^ n 

Clinical Non s — 

\ asomotor Rhinitis — Irtalinciitbj Submucous Inject - rf 
Phenol Morton Marks (London) 

Case of Perforating i\oimd of the Trachea K B Bellwrr^' 
(Bedford) 

Societies Proceedings — 

Royal Society of Medicine — Section of Laryngologj 

Letter to Editor 


THE rNSTrrC’TE OF LAKTNGOLOGY 
AND OTOLOGY 

330/332 GRAY’S INN ROAD, LONDON, WCi 

/// association nith 

The Ro)aI National Throat, Nose and Ear Hospital 

A COMPREHENSIVE COURSE IN 

Laryngology, Rhinology and OtoW 

n ill be git en from 

6 th J amtary to 2^rd May, ip4/ 

The course has been designed to cover the whole field of 
commencing with a series of lectures and demonstrations on | 
and physiological aspects (with facilities for dissection) 

In addition to systematic clinical teaching, it includes 
demonstrations on the pathological, bacteriological, radiolo's 
aspects of the Speaality as well as in allied and ancillary^ 
mediane and surgery 

Applications for enrolment should be made to the Dean n 
31st December, 1946 


Please mention The Journal of LafyfigoI<^ w'hen repl; 



ADVERTISEMENTS 

BACK NUMBERS OF THE 

Journal of Laryngology & Otology 

Back numbers of most issues of this Joumai can be obtained from the Publishers, 
Headlby Bnornsns, lop Kingsway, London, W.C.?. The foUomng, however, 
are out of print, and no stock is at present available : 

1887 January, April-June and 

August-December. 

1888 January-March and August. 

1889 November. 

1891 January, August and 

September. 

1893 January. 

189} January,February and August 

If any subscribers have any of these copies svhich thej’ do not need, it 
would be greatly appreciated if they would return them to the Publishers who 
will refund the full published price. 


HEADLEY BROTHERS, 109 KINGSWAY, LONDON, W.C.z 



1896 February and March. 

1897 Januarj’, August-October. 
1902 February. 

1914 August. 

1916 April. 

1920 January and August. 

1921 January, Octobcr-Decembcr. 
1935 September. 


Please mention The Journal of Laryngology when replying to advertisements 





VI 


ADVERTISEMENTS 


CONTENTS 

r\GI 

Thi RoLU or i\Il CHANICAL AN'D AxATOMICAL FaCTOR-^ I'J TIJL 
Pkoulkm or Tonsillar Foci. Dr. George Rc\esz, M D 
(Budapest) ... . ' 

Ov THL RlLATIONSHIP ItrXWLLN* R-VDIOLOGICAL ApPEARANCLS 

AND PROOr-PUNCTURL FINDINGS IN SUbPFCTED CV&Ei, 

oi iNrrcTiON OK THL Manillarv Antrum J. Chalmers 
• Ballantyne, R A M C. . . . . . 3 ' 

Cli.nical Rfcori> — 

Case of Bilateral Frontal Sinusitis with Osteomyelitis of '^Jk' 

Frontal Bone and Left Antral Sinusitis, featecl witi 
Penicillin. Donald Watson (Bradford) 31 

Clinical Notl — 

A Case of Respirator}' Inco-ordination Clifford Evans and 
David Hew spear, D.A (London) . 

SociETiLs' Proceedings — 

Royal Society of Medicine — Section of Otology . 313 

Abstr \cts — 

Ear ... 338 

Th(? Feriestnlion Operation for Otosclerosis George E Shambmgb, Jr , M D 
Histopathologj of the Incus and the Head of the Malleus in Cases of Stapedial 
Ankslosis Julius Lompert and Doroth) WolfI (\e« York) 

Bronchi ..... 33t> 

Bronchogenic Carcinoma Peter A Herbuf, M D , anil Loins H Clerf, M I) 
(Philadelphn] 

Larynx . . . 339 

Sulphanilamide Sprav for Pam m Tuberculous Laryngitis Mervin C Mj'rson 
M D (New Vork) , Per Kngenschniit bei den fachutthclitn Ope a'loien ain 
Hals 1 Liisclicr 

Kose ..... 34® 

On Rhinological Methods ol Operating Large Dental C}sls in the Lope i 
Harr>' Bjork 

CEsophagus . . . 34® 

External Operations for Removing Foreign Bodies from the (Tsop'^agus 
Harr> Djork 

Miscellaneous . . 34^ 

Penicillin Thenpj m the Practice of OtolarjngolofO Lieiiteu u ^rl j ci 
Gilbert C Stnible 


For Advertisement space in this Journal apply to : 
HEADLEY BROTHERS, 109 Kingsway, London, W.C2 


Please mention Tie Jounuil of t^ryn^lo^ when replying to advertisements 



ADVERTISEMENTS 


Mail Your Order Now/ 

PROBLEMS OF THE DEAF 

By MAX A. GOLDSTEIN, M.D., F.A.C.S. 

6 io Pages — 273 Illustrations — Leather Bound 
$6.00 Postage prepaid 

An unusual] authoritative and comprehensive volume of XEX chapters, covering 
every phase of work with the Deaf, Deafened and Speech Defective, by an 
otologist and teacher of 40 years’ experience, including : 

Chronological History’ of Deaftiess — Anatomy and Physiolog)’ — ^Mechanics of 
Speech — Speech Defects — Cerebral Localization — Hearing Tests — Methods of 
Instruction — The Acoustic Method — Training of Teachers — The Deaf Child — Hard- 
Of-Hearing Child — Physician and Deaf Child — Parent of Deaf Child — Deafened 
Adult — Hearing Aids — Schools for the Deaf — Quacks and Quackeries — Research. 

Published by THE LARYNGOSCOPE PRESS 

640 South Kingshighway ST. LOUIS, MO. 


Binding 

Journal of Laryngology & Otology 

Subscribers wisliing to have their Journals bound 
can do so by sending them to the Publishers. 

Volumes are strongly bound in whole dark blue buckram cases, 
■with gold lettering on spine. The cost of binding is 15s. per volume, 
including postage. 

Missing parts can be supplied at 4s. each, or the whole 
volume, complete in the above binding, for 50s. 

Publishers’ cases can be supplied for 5s. 


HEADLEY BROTHERS, 109 KINGS WAY, LONDON, W.C,2 


Please mention The Jourr.al of iMtyngology when replymg to advertisements 






IV 


ADVERTISEAfENTS 


CONTENTS 

P\G] 

Oto-Rhinolooical Problems of Offensivc Dimng Sur'jcon 

Commander S Gav-French, R N (Retd ) . ^17 

Fenestration OF THE Labyrinth. O Popper (Johannesburg) 4ji 

Clinical Record — 

Fibro-Angioma of the Right Ala Nasi in a Bov of Two Years 

C de \V Gibb (Gloucester) . . 4^0 


Societies' Proceedings — 

Royal Society of l\Iedicme — Section of Lai^ ngologv . . 460 


Review of Book . 


Mail Your Order Now/ 

PROBLEMS OF THE DEAF 

By MAX A. GOLDSTEIN, M.D., F.A.C.S. 

610 Pages — 273 Illustrations — Leather Bound 

$6.00 Postage prepaid 

An unusual, authoritative and comprehensive volume of XIX chapters, covering 
every' phase of work with the Deaf, Deafened and Speech Defective, by an 
otologist and teacher of 40 years* experience, including • 

Chronological History of Deafness — Anatomy and Physiolog> — Mechanics of 
Speech — Speech Defects — Cerebral Localization — Hearing Tests — ^^cth d ot 

Instruction — The Acoustic Method — Training of Teachers — The Deaf Child lard 

of-Hcaring Child — Physician and Deaf Child — Parent of Deaf Child — Deitencd 
Adult — -Hearing Aids — Schools for the Deaf — Quacks and Quackeries — Rc'-earch 

Published by THE LARYNGOSCOPE PRESS 

640 South Kingshighwav ST. LOUIS, MO 


UNIVERSITY OF LONDON 

Applications are invited for the Geoffrey E Duveen Studentship lOi 194^, 
value £550, for research in any aspect of Oto-Rhino-Laryngology. Further 
particulars and forms of application (to be received by Nov. 30th, 1947) 
may be obtained from the Academic Registrar, Senate House, Unnersity of 
London, W.C.i 


Please mention T^he Journal of when replying to advertisements 




ADVERTISEilENTS 


PRESCRIBE THE EASY EFFECTIVE METHOD 

When spraying, the patient can hold his head in a 
natural position, yet the solution spreads throughout 
the nasal cavity, assuring thorough treatment. Effective 
dropper-application, on the other hand, requires a 
complicated posture technique which patients are 
apt to neglect in home treatment. 



DeVilbiss 

ATOMIZERS 


These HJustratlons^ which arc based on X-ray research, clearly demonstrate 
the advantages of the atomizer as compared with the dropper 
The AEROGRAPH Co., Ltd., Lower Sydenham, London, S.E.26 
Sole 0<«r/6uwrs of OeVUbiss Products in the United Kingdom. 
Telephones : Sydenham 6060— Lines. 



C%‘S--S25 


FOR ORAL MEDICATION 



Professiottal samples oii request. 

Tkomas Kerloot & Co. Ltd., Vale of Bardsley, Lancasliire 


Please mention Tie Journal of Taryngoh^y when replying to advertisements 



IV 


ADVERTJSEiMENTS 


CONTENTS 


What C\n \\l Di.nuci i-kom QuANTiT\Trv'i i -^ri' > < 

I3om Conduction ^ A Tumark u (Livcrpro ) 

On Directional Hearing L 15 W Jongk^'cs . 

Groen (Utrecht) 

Clintcal Record — • 

Tnc Hearing Ue\cl Illexen Years Aflei U’lti.il ftiti \uiil 
Duision of the Vllltli Xer\c foi i-,o '>tiri 

\danis (Birmingham) . 

Socil tils’ PkOCI I DINGS — 

Roval Society of ^Icchcinc — bectioii of Otolo 5 

OliITU‘\RV — 

Dr Peter McBride . 


m\V READY 

THE ACOUSTIC METHOD ; 

For the Training of the Deaf and Hard-of-H eat • \’0 ! ' j 
By MAX A. GOLDSTEIN, M.U., LL.D 


This Volume contains 244 pages; 50 mustraiions 
Textile Leather (Waterpioof) Binding 
$3.00 Postage Prepaid 

Twelve chapters, including Evolution of the Acoustic Method Definition and 
Principles of the Acoustic Method — The Practice of the Acoustic MelliOo - 
The Pupil* (I) The Deaf Child ; (2) The Hard-of-Hearing Child ; (3J Tiie I'rt.- 
School Deaf Child — The Teacher — Case Recording — Tests of Hearing — 
Audiometers — The Audiogram — Hearing Aids — Tactile Training — 
Anatomy of the Ear. 

Published by THE LARYNGOSCOPE PRESS 
640 South Kingshighway 


UNIVERSITY OF LONDON 

Apphcations are invited for the Geoffrey E. Duveen Studentship for 1948 , 
value for research in any aspect of Oto-Rhmo-Laryngo ogy. 

particulars and forms of application (to be received by Nov. 30 th, x^Al) 
may be obtained from the Academic Registrar, Senate House, ni\ersity 
London, W.C.i 


Please mention The Journal of LMryn^logJ when rcpljmg to pdvcrtiscm 


ADVERTISEMENTS 


iii 


PRESCRIBE THE EASY EFFECTIVE METHOD 

When spraying, the patient can hold his head in a 
natural position, yet the solution spreads throughout 
the nasal cavity, assuring thorough treatment. Effective 
dropper-application, on the other hand, requires a 
complicated posture technique which patients are 
apt to neglect in home treatment. 



DeTilbiss 

ATOMIZERS 


These illustrations, which are based on X-ray research, clearly demonstrate 
the advanuges of the atomiter as compared with the dropper 
The AEROGRAPH Co., Ltd., Lower Sydenham, London, S.E.2fi 
Sole Distributors of OcV'i/biss Proc/octs in the United Kingdom 
Telephones : Sydenham 6060—8 Unes. 



ATOMIZE^ 


CVS — 



Pleace mentiort Tfp Jrittru/tl nf X ^mnanfno*} whrn rrnlvino fn advertiscmciits 



IV 


ADVERTISEMENTS 


CONTENTS 

The Nature of the VrsTinutAR Stimulus L B \V Jongkees 
and J. J. Grocn (Utrecht) 

Headache and Sinu‘ Disease Derek Broun Kelly (G)asgon) 
Clinical Record — 

A Branchiaf Cfeft Appeanng as a Post Tonsillar Abscess 
W Stirk Adams (Birmingham) 

Societies' Proceedings — 

Royal Society of Medicine — Section of Laryngology uith 
Section of Otolog>' ... . . 

Abstracts — . 

^^ose ... . . 

Packing for Nasal Bleeding Karl Musscr Houser M D 

Ear 

Penicillin in Infections involving the Central Nervous Svstem and Skull H C 
Naffziger.M D .Helen Wanner A B .Walter E Stem M 1) , Roberta Fenlon M D 
J McCorWe, M D The Use of Residual Hearing A C Furstenburg 

Miscellaneous 


Page 

529 

54 -’ 

55 ^ 

5j4 

56: 

563 

564 


Mail Your Order Now! 

PROBLEMS OF THE DEAF 

By MAX A. GOLDSTEIN, M.D., F.A.C.S. 

6x0 Pages — 273 Illustrations — Leather Bound 

$6.00 Postage prepaid 

An unusuali authoritative and comprehensive volume of XlX chapters, coveting 
every phase of work with the Deaf, Deafened and Speech Defective, by an 
otologist and teacher of 40 years* experience, including : 

ChronoSogical History of Deafness — Anatomy and Physiology — Mecbanjcr of 
Speech — Speech Defects — Cerebral Localization — Hearing Tests — Methods of 
Instruction — The Acoustic Method — ^Training of Teachers — The Deaf Child — Hard- 
of-Hcaring Child — Physician and Deaf Child — Parent of Deaf Child — Deafened 
Adult— Hearing Aids — Schools for the Deaf — Quacks and Quackeries — Research 

Published by THE LARYNGOSCOPE PRESS 

640 South Kingshighway ST. LOUIS, MO. 


UNIVERSITY OF LONDON 

AppUcations are invited for the Geoifrey E. Duveen Studentship for 1948, 
value £5 50, for research m any aspect of Oto-Rhino-Laryngology. Further 
particulars and forms of application (to be received by Nov. 30th, 1947) 
may be obtained from the Academic Registrar, Senate House, University of 
London, W.C.i 


n replymg to advcrtisem 


Please mention The Journal of Lao' 



ADVERTISEMENTS 


PRESCRIBE THE EASY EFFECTIVE METHOD 

When spraying, the patient can hold his head in a 
natural position, yet the solution spreads throughout 
the nasal cavity, assuring thorough treatment. Effective 
dropper-application, on the other hand, requires a 
complicated posture technique v/hich patients are 
apt to neglect in home treatment. 


DeVilbiss 

ATOMIZERS 


These Illustrations, which arc based on X-ray research, dearly demonstrate 
the advanuses of the atomlter as compared with the dropper 
The AEROGRAPH Co<, Ltd., Lower Sydenham, London. S.E.26 
Sole Distnbutors of DeVtIbtss Products in the United Kingdom 
Telephones * Sydenham 6060 — 8 Unes. 


CVS— 225 




FOR ORAL MEDICATION 


KERfOOTS 

(O l>“"' 

C«v 'O'"’'"' 

' , „C <>6 4''^' 

o' 3 


i^f^^OOTs 




O j 


SO and 


500 


Pro/essioTial samples on request. 

Thomas Kerfoot & Co. Ltd., Vale of Baidsley, Lancashire 


BEtnznr- 


Please mention T^e Journal of l^tyn^logy when replying to advertisements 




VI 


ADVERTISEMENTS 


CONTENTS 

Pack 

LABYRINTHINL FeNLSTRATIOK — ^THC pRLfaLNT POSITION*. 

C. A. Hutchinson (Salisbury) .... 567 

Acute Otitis Extlrna in India. J. V. Clark (Tunbridge Wells) 5b() 

Congenital Abnormalities or the Pillars or the Fauces and 
THE action or THE POSTERIOR PiLLARS AND NasO- 
niARYNGEAL Valve During SPEECH. Micliacl C. 

Oldfield (Leeds) and I. P. J. MacNaughtan (Edinburgh) 594 

Considerations Regarding the Secondary After Sensations 
Caused by a Stimulation or the Semicircular Canal 
System. Ernest Wodak (Tel- Aviv, Palestine) . . 601 

Clinical Record — 

H/EMOrrhage from the Internal Carotid Artery Foi low- 
ing Pharyngeal Abscesses. E. Carlyle Richardson 
(London) ..... 604 



Please mention Tbt Journal of L^r^ngo/o^^ when rcpl}T''’ 


yn .s/lvrrtRemcntS 



ADVERTISEMENTS 

OTITIS MED 



DECONGESTION OSMOSIS 
WITH REMEDIAL ANALGESIA 

DECONGESTION SUCCESSFULLY ACHIEVED by 

the addition of Ephedrine Sulphate whieh acting in 
synergy with the other ingredients produces shrinkage 
of the mucosa, promotes drainage from the middle ear and 
a rapid control of pain. The bactericidal constituents 
of Auralgicin cover a tvide range of micro-organisms 
including those likely to be present in otitis media, thus 
avoiding the danger of masking. 

iDULBICIN 

{BENGER) 


Each ml. contains 

Phenazonum 0.050 g. I Papaveretum 

EPHEDRINE SULPH. 0.01 g. 1 Chlorbutol 

Pot. Hj’droxyquinolin Sulpli. 0.001 
Glycer ad 1 ml. 

FOR EXTERNAL APPLICATION 

BENGER’S ltd., holmes CHAPEL, CHES 


0.025 g. 

0.010 g. 


I A 


i.D.A. 


HIRE 


Please mention The Journal of Laiyngolo^ when replying to advertisements 




vi 


ADVERTISEMENTS 


CONTENTS 


PAGE 

Further Observations on Temporary Deafness Following 
Exposure to Gunfire. G. Reid, Captain, A.A.M.C., 

A.I.F. (Sydney) ....... 609 


Clinical Record — 

Mastoid Asymmetry and Inner-Ear Deafness : an Unusual 

Case. Norman A. Punt, R.A.M.C. .... 634 


Clinical Note — ■ 

A Note on Chronic Catarrhal Tinnitus, and a Method of 


Treatment. K, B. Bellwood (Bedford) . , . 636 

Societies' Procef.dings — 

The Scottish Otological and Laryngological Society • . 641 

Royal Society of Medicine — Section of Otology . . . 654 

Abstracts — 

Ear .......... 665 

'ri,, n-,. ...... «P.. ... », »» — * 1 Effect upon 


the Pressure 
nipanie Dia* 
tter Surgical 


Larjmx ......... 666 

Surgical Treatment of Intractable Lar^tigeal Stenosis Aubry, M. 

CEsophagus ......... 667 

Two Cases of CCsophageat Paral>siS. Lschbach. H anij Bouhomme, L. 

Miscellaneous ......... 667 

Bullous Eruptions of the Upper Respirator^’ Tract Bouelet and Laba)le 

Letter to the Editor ....... 668 

Important Notice ........ t>68 


For Advertisement space in this Journal apply to : 
HEADLEY BROTHERS, 109 Kingsway, London, W.C.2 


Please mention The Journal of Laiyn^logy when replying to advertisements 




ADVERTISEMENTS 


THE INSTITUTE OF LARYNGOLOGY & OTOLOGY 
330/352 GRAY’S INN ROAD, LONDON, W.C.i 
In association tvith The Royal National Throat, Nose and Ear Hospital 

Tlie Institute is organized to provide instruction in this Speciality for the rvhole of 
the period of training necessary to reach full consultant standard. 

There are ample clinical facilities, and teaching is carried on continuously daily 
throughout the year. Students work under the “ firm ” system. 

There are comprehensive courses of lectures and demonstrations twice daily — 
from January to May and from June to November. 

These courses have been designed to cover the whole field of the speciality. In 
addition to the clinical, fhey include the anatomical, physiological, pathological, 
bacteriological, radiological and other aspects of the speciality, as well as allied and 
ancillary’ departments of medicine and surgery. 

Altliough not primarily designed for that purpose, these courses will be found to be 
suitable for those intending to take the Diploma in Laryngology and Otology of the 
Royal Colleges of Physicians and Surgeons of England, or the Fellowship of the Royal 
College of Surgeons of Edinburgh with oto-rhino-laiyngology as a special subject. 

There are a number of resident posts in the hospital, and these are open to students 
of the Institute. In addition, there are a number of full-time salaried Registrarships 
for selected students with suitable academic and surgical backgrounds. These posts 
provide an extended course of training and practical experience in the treatment of 
patients, in teaching and in methods of research. 

The number of students accepted is limited ; applications should be made to the 
Dean, giving full information of experience since qualification with particular reference 
to any basic training in the Speciality. 


FOR ORAL MEDICATION 






E.,ch cO"»"” , . 1/ 


C, » , 

=’'•) 500 


I mi Professiong] samples on reqiiest7^^^^"^^^J 

Tfromas Iverfoot & Co. Ltd., Vale of Bardsley, Lancaskire 


Please mention Tie Journal of Ijiryngolog) when replying to advertisements 




The Journal of 

Laryngology and Otology 

[Founded in 1887 by Morell Mackenzie and Norris Wolfenden) 

.January 1946 

PENICILLIN IN OTORHINOLARYNGOLOGY 

By C. A. HUTCHINSON (Satebuiy) 

There is no getting away from the fact that we are now in the Penicillin 
age and otologists have got to accept this fact whether they like it or not. 
Many extravagant claims have been made for Penicillin ; but, rather than 
allow ourselves to be carried away by the over-enthusiastic, it behoves us 
to survey the uses and limitations of the drug calmly and to try to see 
things in their correct perspective and to assess its true value in 
Otorhinolaryngology. 

Our American colleagues have had the advantage of larger available 
supplies of Penicillin and far greater opportunities to try it out than has 
fallen to the lot of most of us in this country. Fortunately they have 
published their results in considerable detail and so made their valuable 
experience available to us. 

In the following pages the writer has abstracted the main points in 
their publications and endeavoured to present them in co-ordinated 

sequence. 

A*. Properties, 

Penicillin is extremely hygroscopic and is highly water-soluble. It is 
relatively imstable and is easily destroyed by dilute acids. It rapidly 
loses its activity if expose^! to the air, but retains it for 24 houp i kept 
absolutely dry. It penetrates the tissues freely and is not irritating to t e 
mucous membranes. Its action is not impaired by the presence of serum, ^ 
pus, blood or the products of tissue autolysis, while the number of organ- 
isms present has little effect on its bacteriostatic action*. 

I 
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B. BIode of Action 

It appears on the whole to have a primary inhibitory effect on the 
reproduction of organisms sensitive to' it by inhibiting fission^, while the 
body defences actually destroy the organisms. 

C. The Salts used and their Characteristics 

The sodium salt of Penicillin is a yellow powder, put up in glass 
ampoules mostly containing 100,000 Oxford Units. (An Oxford Unit 
(Florey) is the amount of Penicillin compared with an arbitrar}?^ standard, 
which completely inhibits the growth of a test strain of Staphylococcus 
aureus). • 

Both the sodium and calcium salts of Penicillin are used. The 
calcium salt is the more satisfactory as it appears to be more stable and 
less toxic than the sodium salt and may be handled more easily, while it 
may be kept for long periods without evident loss of activitj'^. It is 
suitable for local, intravenous, intramuscular and intrathecal admini- 
stration"*. ■ 

D. Applicability 

One of the essentials is to restrict the use of Penicillin to infections 
due to susceptible pathogens’ : Another is to keep up adequate nutrition 
and a positive nitrogen balance in patients receiving Penicillin therapy®. 

Most Gram-positives and Vincent’s organisms are Penicillin-sensitive^ ; 
Its use should not be attempted for Gram-negatives. Certain organisms, 
notably the Colon bacillus group, contain substances which neutralize 
the inhibitory action of Penicillin : Vdiile B. proteus and some other 
Gram-negative bacteria grow freely in its presence. 

i. In Staphylococcus aureus infections results are satisfactory if the 
lesions are superficial, the infection localized, if adequate drainage is 
initiated and the disease is relatively acute. In cases, however, in 
which the condition is chronic, drainage is incomplete and sequestra 
or foreign bodies exist, the results have been unsatisfactory. In the 
case of infected, comminuted fractures the results have been 
equivocal. 

ii. In Streptococcal infections Aerobic and Anaerobic streptococci and 
the Lancefield streptococci (sulphonamide resistant) have given 
uniformly* satisfactory responses. Sf 7 'eptccoccus viridans infections 
have also reacted satisfactorily. 

iii. In Pnemnococcal mfections the response to Penicillin therapy has 
been satisfactory in Type 8 and Type 2 infections®. 

It should be borne in mind, however, that even among usually sus- 
ceptible pathogens certain strains are resistant. Therefore, except in an 
emergency, both Bacteriological and Sensitivity tests must be employed 


2 



Penicillin in Otorhinc 

before embarking on its use, wliicli should 1 
;o be cffectir’c. 

As regards Wrus infections there is as ; 
[he virus may be Penicillin-sensitive and \e 
be secured , which is possibly to be explai: , 
5\cd m the tissue cells before therapy was 


E The JtETiiOD of PcRronMiKO Sexsiti 
3 Blood-agar plates are impregnated wi 
Penicillin. 

2 Blood-agar plates are impregnated wit 
cent of Sulphathiazole, 

All these five plates are then inoculated 


F. To.mc Reactioxs axd Contra-inwca 


Veiy few toxic effects follow its clinical 
administration, and irrespective of which s 
ache and dizziness may occur. Urticaria 
should it develop or other < \ idence of c 
manifest, such as maculopapular dermati 
exercised in continuing to adnuri ter tl c i 
ment in the face of a generalized cutaucou. 
atixe dermatitis. Probabl}' sucl. cutmeou- r ic 
atfnbutable to Penicillin itself as to impuntic. i. 
cutaneous reactions disappear on discontinuing the uiuj; 

Local irritation may occur at the site of either rntrav'en^ > r lutiu 
muscular injection. 

F}Te\ial reactions of x'ar^ang intensity may occasionaMc 
So long as PjTogen-free PeniciUin is employed such febnlc ra. t n ai- 
unhkclj — this entails ensunng that old rubber tubing and - , t duo 
prepared without due care are not employed. ^ 

There is no exddence of anj’ disturbance being produced m citbei t.i 
penpheral blood or in the hmmopoictic sj’Stem On the contrary' Penicillin 
can be used successfully in the presence of severe anreniia and even of 
actual agranulocx'tosis : \ATiile suppressed leucocyte counts have often 
been seen to rise" In the course of Penicilhn therapy in the face of over- 
whelming infection associated x^th suppression of bone marrow 


actn-ity’o 

Patients receix-ing intrathecal Pen.ciUm may sometimes ahow more 
severe and more persistent headache, pyrexia may be prolonged and the 
aigns of meningitis subside more sloxviy”. Vanous writers hax-e receded 
the irritating effect of the drug on the meninges when given mtrathe^j 
-such initfting effect vaiydng in degree with the use of Penicilhn from 
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B. JIoDE OF Action 

It appears on the whole to have a primary inhibitory effect on the 
reproduction of organisms sensitive to it by inhibiting fission"', while the 
body defences actually destroy the organisms. 

C. The Salts used and their Characteristics 

The sodium salt of Penicillin is a yellow powder, put up in glass 
ampoules mostly containing 100,000 Oxford Units. (An Oxford Unit 
(Florey) is the amount of Penicillin compared with an arbitrary standard, 
which completely inhibits the growth of a test strain of Staphylococcus 
aureus). • . ' 

Both the sodium and calcium salts of Penicillin are used. The 
calcium salt is the more satisfactory as it appears to be more stable and 
less toxic than the sodium salt and may be handled more easily, while it 
may be kept for long periods without evident loss of activity^. It is 
suitable for local, intravenous, intramuscular and intrathecal admini- 
stration"^. • 

D. Applicability 

One of the essentials is to restrict the use of Penicillin to infections 
due to susceptible pathogens’ ; Another is to keep up adequate nutrition 
and a positive nitrogen balance in patients receiving Penicillin therapy*’. 

Most Gram-positives and Vincent’s organisms are Penicillin-sensitive’’ : 
Its use should not be attempted for Gram-negatives. Certain organisms, 
notably the Colon bacillus group, contain substances which neutralize 
the inhibitory action of Penicillin ; ^Vhile B. proteus and some other 
Gram-negative bacteria grow freely in its presence. 

i. In Staphylococcus aureus infections results are satisfactory if the 
lesions are superficial, the infection localized, if adequate drainage is 
initiated and the disease is relatively acute. In cases, however, in 
which the condition is chronic, drainage is incomplete and sequestra 
or foreign bodies exist, the results have been unsatisfactory. In the 
case of infected, comminuted fractures the results have been 
equivocal. 

ii. In Streptococcal infections Aerobic and Anaerobic streptococci and 
the Lancefield streptococci (sulphonamide resistant) have given 
uniformly" satisfactory responses. Streptococcus viiidans infections 
have also reacted satisfactorily. 

iii. In Pneumococcal infections the response to Penicillin therapy has 
been satisfactory in Type 8 and Type 2 inf Motions® . 

It should be borne in mind, however, that even among usually sus- 
ceptible pathogens certain strains are resistant. Therefore, except in an 
emergency, both Bacteriological and Sensitivity tests must be employed 
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after injection'^ Indeed some writers claim tint even this level, which is 
definitely below that required to inhibit certain strains of Slaphylococcus 
mens, IS not reached Moreover the blood content drops rapidlj' 
dunng the second hour and the drug is not recoverable in the third hour 
It maj be mentioned that the average sensitive strain of this organism is 
inhibited bj a concentration of o-02 units per cc , whereas even a 
concentration of 2 units per c c is of no avail against the most resistant 
strain 

rieming s " slide cell test " has been found to be the most reliable 
means of determining the actual Penicillin content of the blood serum, 
it has the additional adv antages of not requinng a sterile technique and 
of making the result soonest available 


H CosDinoNs or Storage and Usr 

Penicillin should be kept under sterile conditions in a refrigerator at a 
temperature of 4°C '* Fresh solutions should be made up daily m 
pjTogenfree Physiological Saline for use The synnge employed for 
making up the solutions should bo sterilized by dry’ heat A ngid aseptic 
technique is essential in the administration of the drug and it has been 
lound of advantage to set aside a special Penicillin ward 

f irETiioDs or Administration 

I Inlraieiioiis Penicillin disappears rapidly from the blood and 
IS rapidly evereted — facts which have a distinct bearing on its use by 
this roule 

(n) Intermittent injection If treatment is to be efficacious at least 
8 intravenous injections are required in the 24 hours In spite of its 
obvious disadvantages this method has, however, been used m some 
... '"Stances with satisfactory' results 

I ) Coiitiniioiis intravenous drip This is the method of choice for 
bacterimmic cases There arc, however, certam difficulties 
1 The tendency to local venous imtation and thrombosis which, 
however, rarely produces permanent thrombophlebitis 
u The possible occurrence of oedema, due to the use of excessive 
saline 

As regards the first condition, which only develops m some 5 to 10 
r cent of cases careful inspection of the intravenous apparatus and 
apparatus and the site of injection at the first sign of 
a ion will be found to be adequate measures The occurrence of 
lom^Te''? °t^ar hand may be avoided by using alternative Physio- 
w aline and 5 per cent Dextrose in distilled water as solvents’’ 
suitabl intravenous drip method is applicable whenever 

e veins are available , when, however, this is not the case one must 
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different sources of supply — the dark brpwn product having fhe greatest 
irritant effect. It M'ould therefore appear that only the pale yellow 
product should be employed in intrathecal administration’'. 

Localized thrombophlebitis occasionally develops in a few patients 
but is of minor significance, it is apparently associated with certain — 
probably impure — ^brands of the drug. - Changing the site of injection 
is indicated. 

G. Diffusion of Penicillin into Various Tissues 

The amount of active Penicillin in the blood can be measured by the 
po%ver of the blood-serum to effect bacteriostasis'^. This test lies behind 
the terms " Penicillin content ”, ” Penicillin activity “ Bacteriostatic 
activit}^ ”, " Concentration in the blood and tissue fluids ”, " Blood level 
of Penicillin ”, etc. 

Florej^ working on experimental animals, showed that Penicillin 
rapidljr disappears from the’ blood after a single intravenous injection, 
and that a large percentage of the amount administered appears in the 
urine ; that the actual blood concentration is less when the drug is given 
sub-cutaneousty, but that a detectable amount is present for a longer, 
period than when a single intravenous injection is given ; that whatever 
the route of administration the drug is found in a more concentrated form 
in the Bile than in the Blood-stream, but that the total amount excreted 
by the Liver is small compared \vith that excreted by the Kidneys ; that 
Penicillin is destroyed by, the gastric juices, but can be absorbed from the 
intestines when care is taken to give it orally along with adequate amounts 
of sodium bicarbonate, so protecting it from being acted on by the gastric 
acids ; and that the tears, pancreatic juice and the cerebrospinal fluid 
have no antibacterial activity when Penicillin is given intravenously, 
whereas it diffuses fairly freely into most other tissues. 

These animal experiments have been confirmed for human patients’'*. 

VTien Penicillin is introduced into the cerebrospinal fluid it remains 
there for at least 24 hours but disappears within 48 hours. Vdien given 
intrathecaUy it can be detected in the blood, and there is some evidence 
to show that it passes more rapidly from the cerebrospinal fluid into 
the blood when the meninges are inflamed than wheh they are not’^ 
Penicillin not onty fails to reach the cerebrospinal fluid in detectable 
amounts when given intravenously’® but also fails to db so when adminis- 
tered intramuscular^. Therefore in the treatment of infections involving 
the cerebrospinal structures it should be given intrathecaU}'^ at least 
once. 'daily. 

With appropriate dosage by continuous intravenous drip the amount 
of Penicillin in the blood stream is o-i2 Oxford units per c.c. 

With intramuscular administration of 25,000 units 3 hourly round the 
clock the blood Penicillin content is not more then i unit per c.c. 1 hour 
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m most types of case, though patients receiving intramuscular Penicillin 
8 times a day for such a lengthy period are apt to become " needle shy ” 
Local irritation may occasionally occur at the site of the injections, 
which are made with a standard 20 gauge intramuscular needle 2I inches 
long 

3 Local Application 

I SoUttion 100 to 250 units of Penicillin per c c of Physiological 
Saline are employed, preferably the latter concentration Where 
practicable wet dressings are applied to the wound overlaid by an 
impervious material The dressings are kept moist but changed 
only at 24-hour intervals Occasionally deep seated areas of 
infection are treated by irrigating with the solution ma rubber 
tubes*’ 

II Poider (British) Weighed amounts of Penicillin are ground up 
with Sulphanilamide till a homogeneous powder results The final 
mixture may contain up to 5,000 units per gramme It is thought 
that Penicillin and Sulphanilamide may be synergic The powder 
IS available for use either by dusting on or by insufflation 

III Cieam (British) This is made up with 100 to 250 milligrammes of 
Penicillin per gramme m Lanette wax 

In the treatment of severe and extensive inflammatory lesions uni- 
formly satisfactory results are more likely to be obtained by the use of 
systemic Penicillin alone or combined with local therapy 

4 Intrathecal In meningitis and infections involving the cerebro 

spinal structures, since Penicillin does not enter the cerebrospinal 
fluid when given intravenously or intramuscularly, intrathecal admin- 
istration is indicated Its use should, however, be supplemented by 
intravenous or intramuscular therapy A solution containing i ooo 

units of either the sodium or the calcium salt of Penicillin per c c m 
Physiological Saline is prepared After removal of 10 c c of cerebro- 
spinal fluid from 5 000 to 10,000 units are, as a rule, introduced (though 
some clinicians give up to 20,000 units) Injecuon should be repeated 
every 12 to 24 hours till 3 negative cultures from the cerebrospinal 
fluid have been obtained*® 

5 Subcutaneous Penicillin may be administered intermittently or 
continuously by this route its absorption, however, is erratic and 
vanable as is the case with all subcutaneous fluid injections, and con- 
centrated solutions may prove irritating*' 

J SuMviARY OF Results obtained and Details or certain 
Procedures 

I Vincent s Infection (Lesions of fauces, pharynx and tonsils ) 
Swabbing 4 times a day with 250 units per cc m Physiological Saline, 
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plus intramuscular injections in severe cases of an initial 250,000 units 
•and 13,000 units 3 hourly thereafter is the most effective treatment to 
date®®. 

2. Bactericsmia. 89 per cent, recovered satisfactorily®®. - The ques- 
tion of dosage is controversial. Some authorities hold 80,000 to ,100,000 
units intravenously in 24 hours to be the most satisfactory average dose. 

In the treatment of (a) and (b) hsemolytic streptococcal and pneu- 
mococcal infections other clinicians recommend 100,000 to 150,000 units 
per 24 hours intramuscularly in divided doses at 3 hour intervals. In ihe 
case of severe staph3dococcal infections they advocate 100,000 units 
intravenousty. during each 8 hour period at the outset ; subsequently as. 
improvement takes place intramuscular administration may be adopted®". 

The War Department Technical Bulletin of Medicine, however, 
stresses the need for the 24 -hour dosage of 400,000 units for seriously ill* 
patients udth Bacterisemia, especially in severe staphj’lococcal infections®®. 

3. Severe Cellulitis without Bacteriecmia. 88 per cent, fesponded 
satisfactorily, while 12 per cent, failed to respond or gave doubtful 
results. The organisms present were Streptococcus pyogenes, Staphy- 
lococcus aureus, or mixed organisms®®. 

4. Post-operative Wound Infection. 87 per cent, were treated 
entirely satisfactorily, the organisms present were Streptococcus pyogenes 
and Staphylococcus aureus^^. 

5. Meningitis. As a general rule unless susceptible bacteria are . 
actually found in the cerebrospinal fluid intrathecal Penicillin should be 
TOthheld ; The presence of meningeal irritation and the cerebrospinal 
fluid findings of increased pressure and increased leucocytes do not in 
themselves constitute adequate reasons for intrathecal administration. 

In some cases however, it is unsafe to withhold intrathecal Penicillin 
therapy pending the results of cerebrospinal fluid culture®'®. 

Technique. After doing a diagnostic lumbar puncture a certain 
amount of cerebrospinal fluid is withdra-wn — ^precisely how much, 
however, is a controversial point. Some authorities advocate remo'ving 
10 C.C., others advise removing as much as possible and even go so far as 
to advocate aspiration, while the witer's practice is to reduce pressure 
to between 100 and no millimetres of mercury imder manometric control, , 
and if plastic meningitic changes render withdrawal of cerebrospinal 
fluid and reduction of the pressure by lumbar puncture inadequate he 
elects to do a cystema puncture and wthdraw it by that route. 

10,000 units of sodium or calcium Penicillin, in 10 c.c. Physiological 
Saline are then slowly introduced®®. Further 10,000 unit doses are 
administered intrathecally at 24 hour intervals (with preliminary removal 
of cerebrospinal fluid as above) until clinical improvement, sustained 
fall in temperature, and/or a decrease in the meningeal signs are manifest, 
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and until smears and cultures have yielded a negative result’®. Persis- 
tence of coma‘, however, needless to say, indicates further intrathecal 
therapy, while in severe infections and in those in which coma has lasted 
for 48 hours or more intrathecal Penicillin should be continued until the 
cerebrospinal fluid is bacteria free on three successive days”. 

Combined with the intrathecal therapy. Penicillin should also be given 
either intravenously by the continuous drip method at the rate of 5,000 
units per hour, or intramuscularly in doses of 15,000 units 3 hourly, 
reducing this to 10,000 units 3 hourly if improvement is satisfactorjc 
As a rule intravenous Penicfifm is given (as 40 units per c.c. in 5 per cent. 
Dextrose solution) for the first 8 hours and continued intramuscularly 
thereafter. In a fulminating case, however, give intravenous Penicillin 
at the rate of 10,000 units per hour to start with for 4 hours. Patients- 
should also receive 3,000 c.c. of fluid dail}'”. 

To combat shock in the fulminating 15336 of case, supportive therapy 
should be employed in the form of whole blood, plasma, Epinephrin and 
Desox5’corticosterone acetate ; O.X5'gen should also be given as indicated. 

i. Hamolylic slreplococcal mcititigilis. (3 cases — all recovered.) On 
an average 2 intrathecal injections supplemented by 170,000 to 
650,000 units of Penicillin intravenously and intramuscularly over 
periods ranging from 39 hours to 81 da5’s sufliced. The temperature 
returned to normal in 4 to 6 da5's”. 

ii. Streptococcus uritfo/is f/tetttrtgiiis. (2 cases — both recovered.) 3 
to 4 intrathecal injections supplemented b5' 40,000 to 130,000 units 

^ intravenously and intramuscularl)' over periods of 3 and 4 days 
respectively sufficed. The temperature returned to normal in 3 
to 5 da}'s. There were no sequelae, though both patients were, 
comatose for 24 hours after therapy was begun^”. 

iii. Pneumococcal meningitis secondary to acute otitis media. (l case — 
recovered.) 3 intrathecal injections supplemented by 800,000 units 
intravenousl5' nnd intramuscularly over a period of lol days proved 
satisfactor5'. The temperature returned to normal on the fifth day 
but intramuscular therap5’ was kept up for fear of bony suppuration 
in areas adjacent to the middle ear till the temperature luid remained 
normal for 5 days. No surgical intervention was, however, necessary. 
Another writer obtained excellent rc'jnlb; in 22 casi's of oliiic 
meningitis by giving 15,000 units infratheeally lepealed 24 hourly and 
supplemented b5' 15,000 units intranneciilaily ,j lioiiily round the 
clock; in several cases ma-stoid hiiigeiy vrai iivoldecl, 

It is evident, therefore, that ptoloiigi'd |ie(lo(|‘i of inltatliecal 
therap5' ni'u unnecessary; bill wli'il llMnlugllln hi necondary to 
otitis media intravenous or inliaililisi iiliil I'eiilillllll must be con- 
tinued until all other possible boiiini of Infer |(oii have been 
<) 
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adequately controlled. Finally, Penicillin may prove life-saving for 
patients wth meningitis due to sulphonamide resistant organisms'*’. 

6. ’Pulmonary stippnraUve disease. (Pneumonia, • pulmonary 
abscess, empyema.) 85 per cent, gave satisfactor}' results, but on the 
whole the Type 3 Pneumococcus appears to be less likely to respond to 
the treatment'*’. 

7. Bronchi eciasis. No clinical experience is available as yet for a 
report on' its response to Penicillin therapy. 

8. Acute otitis media. Most acute ear infections are due to Penicillin 
sensitive organisms. Intramuscular Penicillin may be effective in render- 
ing operation unnecessary. The point is that the infection must be 
caught in the early acute, stage and treatment should be maintained after 
apparent recovery to avoid possible relapse*^. One uriter in particular 
found that in several hundred such cases the results have been uniformly 
good. The treatment consists of giving 15,000 units intramuscularly 
3 hourly round the clock for about 7 days, or until the tympanic mem- 
brane has resolved and the landmarks return ; Then reduce dosage to 
10,000 units at the same intervals and keep that up for 3 to 4 days, 
while finallj’’ 5,000 units at the same inten'als should be given for a further 
3 to 4 daj'S. 

The Penicillin Committee now sanctions the use of Penicillin initially 
in acute otitis media in place of the sulphonamides, this should give even 
better results. 

9. Acute labyrinthitis. Continuous intravenous drip administration 
ma}"^ prove successful. On the average 455,000 units are required'*'*. 

10. Acute mastoiditis 

■ i. Pre-operative Administration. The concensus of opinion appears 
to be that infections of the mastoid and contiguous structures can 
be readily controlled by Penicillin, provided the organisms are 
" sensitive to the drug and that sterilization of the blood-stream and 
control of spreading infection can be accomplished by the S5’'steniic 
administration of Penicillin. The response to this therapy being 
dramatic in its rapidity — within the first 48 hours of administration 
there was a decided decrease in pain with a general feeling of well- 
being — ^but since Penicillin wall not eliminate pus if drainage be 
inadequate surgical interr^ention is usually necessary to effect cure^’ ; 
and it should be remarked that this satisfactory result is obtainable 
even when the combination of sulphonamides and surgery have 
failed. None of the causative bacteria (the majority have been 
streptococci and staphylococci) have become resistant, and it is 
thought that the failure of organisms to respond is due to infection 
by a resistant bacterial strain^®; a fact which emphasizes the 
importance of testing for sensitivity as soon as possible. 
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Originally the Penicillin was given by one of the two intra- 
venous methods, but this has now been replaced by intramuscular 
administration, though the continuous intravenous drip may still 
be preferred for extremely ill patients with grave infections, when . 
a high, prolonged blood concentration is desirable. Tlic dosage 
employed is 25,000 units 3 hourly, reduced to 15,000 units 3 hourly 
as the patient improves". 

i. Administration at Operation. Jlastoidectom}- may be supplemented 
by the administration of Penicillin cither intramuscularly or by 
local instillation into the mastoid cavity (Florey). 

The latter is accomplished by inserting a rubber tube, pre- 
ferably into the upper end of the mastoidectomy wound— when 
gravity to some extent aids retention — and closing the remainder 
of the wound. Penicillin is then instilled via the tube and the 
latter is sealed off. Every 6 hours the exudate should be aspirated 
(according to some writers this is unnecessary) and fresh Penicillin 
. instilled, sealing off the tube after each such instillation. Free 
• drainage should never be allowed. This routine is employed for 
5 days and an average of 17,300 units per case is required. The car 
usually becomes dry within 5 days**. 

WTiile Penicillin appears to hasten recoverj’ from any pre- 
operative facial paralysis, which may be present, there is still some 
difference of opinion as to whether we really are able to shorten 
the convalescence of the average uncomplicated case of acute 
surgical mastoiditis appreciably. On the other hand in acute 
mastoiditis with complications (e.g. meningitis, septicemia or 
, Bezold's abscess), convalescence would appear to be definitely 
shortened. 

ill. Post-operative Administration. Penicillin may be used locally with 
advantage, either by packing the open wound with Penicillin at the 
daily, dressing or by substituting closed instillation after Florey’s 
method when secondary closure has been performed. Lastly, the 
healing of indolent wounds, which continue to discharge after 
mastoidectomy may be hastened by the local application of 
Penicillin*’. 


II. 'Chrome _ stippnrative otitis media. Some authorities have 
secured satisfactory results by instilling Pehicillin by the " Replacement 
Method ”, sealing it off by means of cotton wool impregnated with a 
bland ointment. This procedure is repeated 6 hourly and kept up for 
0 nays. A total of 10,000 units will probably be required*’. 

The most suitable conditions for success are :-A sensitive organism 
large perforation, no granulations and no evidence of cholesteatoma 
It. however,, cholesteatoma or aural polyposis be fiht eradicated by 
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adequate!}' controlled. Finally, Penicillin may prove life-saving for 
patients uath meningitis due to sulphonamide resistant organisms^'. 

6. Pulmonary suppurative disease. (Pneumonia, -pulmonary 
abscess, empyema.) 85 per cent, gave satisfactory results, but on the 
whole the Type 3 Pneumococcus appears to be less likely to respond to 
the treatment''*. 

7. Bronchiectasis. No clinical experience is available as yet for a 
report orr its response to Penicillin therapy. 

8. Acute otitis media. ]\Iost acute ear infections are due to Penicillin 
sensitive organisms. Intramuscular Penicillin may be effective in render- 
ing operation unnecessary. The point is that the infection must be 
caught in the early acute, stage and treatment should be maintained after 
apparent recover}' to avoid possible relapse"'^. One writer in particular 
found that in several hundred such cases the results have been uniformly 
good. The treatment consists of gmng 15,000 units intramuscularly 
3 hourly round the clock for about 7 days, or until the tympanic mem- 
brane has resolved and the landmarks return : Then reduce dosage to 
10,006 units at the same intervals and keep that up for 3 to 4 days, 
while finally 5,000 units at the same intervals should be given tor a further 
3 to 4 days. 

The Penicillin Committee now sanctions the use of Penicillin initially 
in acute otitis media in place of the sulphonamides, this should give even 
better results. 

9. Acute labyrinthitis. Continuous intravenous drip administration 
may prove successful. On the average 455,000 units are required''*. 

10. Acute mastoiditis 

■ i. Pre-operative Administration. The concensus of opinion appears 
to be that infections of the mastoid and contiguous structures can 
be readily controlled by Penicillin,' provided the organisms are 
^ sensitive to the drug and that sterilization of the blood-stream and 
control of spreading infection can be accomplished by the systemic 
administration of Penicillin. The response to this therapy being 
dramatic in its rapidity — within the first 48 hours of administration 
there was a decided decrease in pain with a general feeling of well- 
being — ^but since Penicillin will not eliminate pus if drainage be 
inadequate surgical intervention is usually necessary to effect cure* , 
and it should be remarked that this satisfactory result is obtainable 
even when the combination of sulphonamides and surgery have 
failed. None of the causative bacteria (the majority have been 
streptococci and staphylococci) have become resistant, and it is 
thought that the failure of organisms to respond is due to infection 
by a resistant bacterial strain'®: a fact which emphasizes e 
importance of testing for sensitivity as soon as possible. 
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spread of the disease, but that is it of limited use only m this respect as 
shown by the fact that thrombosis has been known to occur after the 
patient had been placed on Pemcillm therapy 

It IS an open question as to whether it is necessary to ligate the 
jugular vein , certainly many cases have recovered rapidly when this 
had not been done Intramuscular Penicillin should be given for 24 
hours before operation and in many cases cultures from the thrombosed 
sinus will be found to be sterile at operation As a general rule suitable 
dosage has been found to be 25 000 units intramuscularly every 3 hours, 
reduced to 15,000 units as improvement results The response to the 
therapy is rapid and is shown by a prompt drop in temperature, dis- 
appearance of headache, general feeling of improvement and steriliration 
of the blood stream ‘ 

. Some writers claim that organisms may occasionally become Penicillin 
fast, but it seems more reasonable to suppose that infection was due to an 
initially resistant strain Penicillin sensitivitj should therefore be tested 
for in every case as soon as possible 

Generally speaking the most gratifying results liave been secured 
in the acute cases In the more chronic types of case the results have 
been hard to evaluate, since the mfection can be brought under control 
so long as the patient is actually receuing Penicillin but there is a definite 
tendency for the infection to again become active when administration 
of the drug is discontinued 

There is some evidence to -show that the response is more satisfactory 
when intravenous Hepann is gi\en in addition to Penicillin — the former 
apparently rendering the Penicillin more freely available locally^' 

15 Cavemous stuns ihrotubosis Intravenous Hepann combined 
wth intravenous Penicillin may lead to the blood cultures rapidly be- 
coming negative with eventual complete recovery The rationale 
would appear to be the same as for the above 

16 Pentousillar and lateral pharyngeal abscesses and acute ulcer- 
(ihve pharyngitis (Usually pneumococcal ) These conditions respond 
satisfacfonly to intramuscular Pemcillm but m the case of the abscesses 
recoverj^ will be expedited if incision and drainage be performed as well 

17 Osteomyelitis of the facial bones Whereas in severe cases the 
mortahty rate of this dread condition is 8o per cent there is some justi- 
fication for the hope that this present high mortality rate, whether the 
condition be acute, sub acute or chrome, will be drastically reduced with 
the wider adoption of carefully planned Penicillin therapy 

Gratifying prophylactic results have been secured m bone surgery, 
when the drug* has been administered both locally and intramuscularly 

It should be particularly stressed that in the active treatment of 
csteomj elitis Penicillin has not supplanted surgical procedures but hei 
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materially in combating the disease^^. Surgical measures such as 
sequestrectomies, removal of foreign bodies and the initiation of proper 
drainage are procedures without which Penicillin will not avail in the 
majorit}' of cases. In contrast to the sulphonamides Penicillin prevents 
further spread of infection so that either before or after sequestration has 
occurred devitalized bone can be removed surgically. jMoreover, infective 
granulations become healthy and purulent discharging Sinuses dr}^ up 
under the influence of the drug. The organisms primarily responsible 
are probably in many instances anaerobic non-hsemolytic streptococci 
in addition to the more usual Staphylococcus aureus, etc. Penicillin 
has proved equally effective against sulphonamide. resistant organisms 
as for those which have not undergone sulphonamide therapy^-*. 

i. Acute and Sul-acute ca'ses. It would appear that the optimum' time 
for operative measures in acute spreading osteomj'^elitis is during the 
period in which the infection has been checked by Penicillin ; How- 
ever it may well be that in certain acute cases if treated early and 
adequatety the disease process maj? be stopped and healing take 
place without radical surgical procedures: In cases which continue 
to show progressive bone destruction in spite of adequate Penicillin 
therapy surgical inter\'ention may be accomplished with little risk 
after the wound has become dry and the cultures have become 
negative with subsidence of the surrounding cellulitis : It may 
require anything from i to 2 weeks of the therapy to attain this 
state®^. 

ii. Chronic cases. In chronic Osteomyelitis of the Frontal Bone it is 
sometimes possible to obtain healing under Penicillin therapy with- 
out resorting to extensive surgery, and a thorough trial of the drug 
in adequate dosage lasting over a long period-— possibly many months 
— ^may be necessary. When, however, there is no regression under 

. ' this form of treatment the involved Sinus should be operated on, 
and there is evidence to show that this procedure in combination 
\vith the therapy may prevent further extensive operations^®. 

Due caution should, however, be taken in accepting Radio- 
graphical findings as evidence of improvement and healing, for at 
operation extensive necrosis may be found. Occasionally Brain 
Abscess, Extradural Abscess and Orbital Cellulitis develop in spite 
' of Penicillin therapy. Needless to say in the case of the last named 
- ' condition the underlying Sinus disease calls for energetic surgical 
measures. 

The question of dosage is still controversial. Patients given 
Small amounts for only a few days tend to show frequent relapses ; 
Prolonged treatment with larger doses on the other hand prevents 
relapses and possibly shortens the course of the disease. The 
.14 
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present policy is to give 200.000 units daily by continuous intra- 
venous drip for 10 to 14 days ; followed by 15,000 units intra-' 
muscularly every 3 hours (120,000 units daily) for' another 2 to 3 
weeks ; and if surgical intervention is delayed until sequestration ha 4 
occurred Penicillin should be continued for at least a week post- 
operatively. 

Lastly the adoption of periodic Penicillin irrigation as well a« 
intramuscular Penicillin ip combination with adequate surgical 
procedure has given most encouraging results, far better than ha(i 
been secured by intramuscular Penicillin plus surgery alone. 

18. ■Suppurative sinusitis. Cases were treated with Penicillin both 
:ally and systemically. • 

. Acute antral infections. These have been reported as cured aftef 
several irrigations with Penicillin, even when the organism was 
staphylococcus resistant to other therapy. The strength of thd 
solution used being 250 units per c.c. In other cases a few day.« 
of systemic Penicillin therapy has secured rapid subsidence with 
disappearance of the causative organisms’^. 

L. Chronic antral infections. Cultures became sterile but the discharge 
continued in spite of the above treatment and at operation the- 
mucosa was found to be thickened with chronic inflammatory 
changes. A new technique was accordingly adopted along the 
following lines. 

The antra were irrigated and swabs taken for culture from the 
nasal passages as well as the antral washings. These were then 
tested for sensitivity to Penicillin and the sulphonamides. The 
antra were then filled with a radio-opaque substance and radio- 
graphed. Spinal needles were introduced into the antra (the 
author prefers to use Lichwitz cannulas fitted with spigots) and 
allowed to remain in place for 24 hours, during which the patient 
kept his head upright. 3 hourly injections of ^c.c. per antrum of a 
solution contain 1,000 units of Penicillin per c.c. (100,000 unita 
dissolved in 100 c.c. N/i saline) for 8 doses were given — the spigot 
being replaced after each injection. There were no unpleasant 
reactions and immediate signs of general improvement. On the 
third or fourth day fragments of polypoidal mucosa were blown out. 
On the sixth day the nose was almost free of purulent discharge, 
when a submucous resection and the removal of any remaining 
obvious polypi was then done if necessary. 6 days later culture^ 
of the nose were found to be sterile though the Antral washings 
still grew staphylococci. The antra were, therefore, re-radio- 
graphed for comparison. The Penicillin was then repeated with the 
same procedure. 7 days after both the antral washings were found. 
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to be clear and the bacteriological examination negative. Further 
observation for 15 days showed no evidence of return®^. 

The combination of minor' surgical procedure and the local use 
of Penicillin may therefore obviate radical procedure and shorten 
hospitalization, besides offering efficacious therapy in the case of 
patients, who for any reason are unfit for or unwilling to undergo 
operative treatment. It would seem therefore that the use of Peni- 
cillin for sinusitis is worthy of further trial. 

19. Chronic suppurative dacryocystitis. The lachiynlal passages 
were irrigated daily with 2 c.c. of 500 unit solution. The results were 
satisfactory. Similar daily irrigations were employed with excellent 
results withing 24 hours after dacryocystorhinostomy^®. 

20. Orbital cellulitis. Intramuscular Penicillin combined with 
irrigation of the abscess caused the cellulitis to respond rapidly and the 
associated purulent sinus discharge to clear off in 48 to 72 hours®". In the 
author’s opinion, however, if permanent cure and freedom from relapse 
istobesecured, adequate sinus surgery in addition to the above is essential. 

A fair summary would therefore appear to be that the golden age has 
not yet come ; Penicillin has by no means busted, and is not likely to 
oust, surgery from the province of otorhinolaryngology. It tends on the' 
other hand to increase considerably the scope of such surgery and when 
used along carefully planned lines to suit individual cases is a most 
useful ancillary to appropriate surgical measures. Indeed it renders the 
prognosis in certain hitherto hopeless conditions, for example cavernous 
sinus thrombosis, so much more hopeful that we can confidently look 
forward to a material reduction of their mortality rate. In the above 
pages the author has amassed the evidence of many American writers ; 
He, however, has tried out certain of the techniques recommended and 
from personal experience can testify to the justification for their hopeful 
views ; and, lastly, he is collecting a series of cases which in due course 
he hopes to publish. 
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'to be clear and the bacteriological examination negative. Further 
observation for 15 days showed no evidence of return^®. 

The combination of minor' surgical procedure and the local use 
of Penicillin may therefore obviate radical procedure and shorten 
'hospitalization, besides offering efficacious therapy in the case of 
patients, who for any reason are unfit for or unwilling to undergo 
operative treatment. It would seem therefore that the use of Peni- 
cillin for sinusitis is worthy of further trial. 

19. Chronic suppurative dacryocystitis. The lachiyntal passages 
were irrigated daily nfith 2 c.c. of 500 unit solution. The results were 
satisfactory^. Similar daily irrigations were employed rvith excellent 
results TOthing 24 hours after dacryocystorhinostomy^®. 

20. Orbital cellulitis. Intramuscular Penicillin combined vdth 
irrigation of the abscess caused the cellulitis to respond rapidly and the 
associated purulent sinus discharge to clear off in 48 to 72 hours®". In the 
author’s opinion, however, if permanent cure and freedom from relapse 
is to be secured, adequate sinus surgery in addition to the above is essential . 

A fair summary would therefore appear to be that the golden age has 
not yet come ; Penicillin has by no means "ousted, and is not likely to 
oust, surgery from the province of otorhinolarymgology. It tends on the’ 

’ other hand to increase considerably the scope of such surgery and when 
used along carefully planned lines to suit individual cases is a most 
useful ancillary to appropriate surgical measures. Indeed it renders the 
prognosis' in certain hitherto hopeless conditions, for example cavernous 
sinus thrombosis, so much more hopeful that we can confidently look 
forv^ard to a material reduction of their mortality rate. In the above 
pages the author has amassed the evidence of many American %vriters ; . 
He, however, has tried out certain of the techniques recommended and 
from personal experience can testify to the justification for their hopeful 
views ; and," lastly, he is collecting a series of cases which in due course 
he hopes to publish. 

BIBLIOGRAPHY 

= Denxy, E. R., Shallenberger, P. L., and Pyle, H. D.. 1944, " Clinical 
Obser\'ations in the use of Penicillin ”, Journal of Oklahoma State Medical 
Association, iVIay. 

s, "*, Herrell, W. E., Nichols, D. R., and Heilman, D. H., 1944, Penicillin , 

5 Journal of the American Medical Association, August. 

® Swanson, C. A., and Barker, D. C., 1944, " The use of Penicillin in Diseases 
of the Ear ”, Journal of the American Medical Association, November 4th. 

7 , ® Denny, E. R., Shallenberger, P. L., and Pyle, H. D., Ibid. 

9' 10 Herrell, W. E., Nichols, D. R., and Heilman, D. H., Ibid. 

” Rosenberg, D. H. and Arung, P. A., 1944, “ Penicillin in the treatm^t 01 
Meningitis ", Journal of the American Medical Association, August i- • 
Rammelkamp, C. H. and Keefer, C. S. ; Pilcher, C. and Meacham, n • 
quoted by Rosenberg, D. H. and Arling, P. A., Ibid. 

16 



Congenital Sinuses of the External Ear 

cent.), but Stammers’ in this country looked for examples among 5OO 
consecutive in-patients in hospital without finding it once. In some raws 
the incidence is high and the condition has been known for a long time to be 
very prevalent among the Chinese. Selkirk’ (in a paper in which he 
records in all 518 cases) found in a mixed population of negroes and 
whites, an incidence of 5 • 2 per cent, in the former (18 cases in 346 examina- 
tions) as compared with 0 • 9 per cent. (34 in 3,660 examinations) . Stamps 
(quoted by Wood Jones’) gives a figure of over 4 per cent, among the 
African negroes of Nyasaland, but Khanna® in India found only 7 cases 
in 6,800. It is of interest to note that in this area its presence was thoufjht 
to be a good omen. The possessor of such a deformity, more especially 
if bilateral, being considered to be a born " Yogi ”. 

Laterality 

The condition was bilateral in 7 cases (23 per cent.) and unilateral 
in 24 (77 per cent.). Of the unilateral cases right and left occurf^d 
with almost equal frequency. In each case there was only one fistula on 
the affected side or sides, except in one unilateral case where there \''os 
a double fistula. This case \riU be mentioned again later in the papor. 
Other- figures for comparison are : — 

Bilateral Unilateral 

Stannus 17% 83%' 

Urbantschitsch 25% 75% 

Selkirk 23% 77% • 

• Position 

The sinus was in most cases situated close to the anterior margin of 
the cartilage of the ascending limb of the helix (as pointed out 
Selkirk^ the line of direction of the antihelix passes in most cases exactly 
through the opening of the fistula). Congdon et al.^ in their exhaustive 
paper gave a precise classification of all sinuses according to their anato- 
mical position. Those situated close to the anterior border of the ascei^d- 
ing limb of the helix they called marginal helicine, and to this group 90 
per cent, of cases belong. We have made no attempt to separate this 
group from their next which was called preauricular. In this variety the 
opening of the sinus is said to be found an5^vhere on an area immediati^ly 
in front of the tragus, and in the majority of cases is associated \vith wh^f 
are thought to be congenital scars in the skin in front of the pinti^- 
This feature was neither sought nor observed in any of our cases 
example of their next group, crural, was found. It took the form of ^ 
well-marked sinus a few mms. deep, opening in the middle f of the ci^^ 
on its lateral side. The opening could be’ readily probed, its blind 
being posteriorly. On the same ear was a marginal helicine sintis. 
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Congdon'* added ii cases to the onty one then recorded and Selkirk’’ 
described 8 more, in several of which there were associated marginal 
helicine sinuses on the same or opposite side. 

No examples of the less common post-helicine or lobular varieties 
were seen. 

Depth 

In 10 cases the sinus w^as only deep enough to engage the tip of a 
fine probe, the opening having on several occasions to be first gently 
dilated. In a few cases the opening was very wide so that the sinus’was 
funnel-shaped rather than tubular. One was over 6 mm. long, but the 
average depth was no more than 3 mm. Shallow sinuses are much more 
common. Paget’s original case measured -J- inch and one case of 22 mm. 
has been recorded. 

In no case could any communication be demonstrated with the 
external auditory meatus or wth the middle ear cleft. Schmitz in 1873 
endeavoured in vain to inject water into the tympanum through such 
a fistulous opening. Although it is said (Nelson, Med. Ear 1939) that rare 
cases do occur, in which a communication exists between a true auricular 
sinus and the ear, we have not been able to trace an authenticated case 
in the literature. 

. Association with Other Abnormalities ^ 

In no case was the condition found in association with any other 
abnormality. Paget in his original description told of a family where 
there occurred co-incidentaUy in several members branchial and aural 
£stulae. He reported Heusinger as having recorded a similar case in 
2804, and Urbantschitsch^ also mentions an example. Selkirk’’ in his 
records of 518 cases in children found in no case any branchial remains. 

• There was also no increased incidence of the condition among a group of 
children (in a cripples’ hospital) having other congenital abnormalities. 

Paget' also noted that many of the subjects affected by fistulae had 
become deaf. He found it " hard to believe so great frequency of defec- 
tive hearing in the subjects of aural and branchial fistulae should be 
casual ”. In all of our cases hearing was up to standard I. 

In no case were any aberrant auricles found, although as Wood Jones^ 
has pointed out that the site of maximum incidence of the two conditions 
in large measure corresponds. 

Family History 

That the condition is in many cases hereditary, has been recognized 
since Paget’s original description of a family in which the father and 5 
of his 8 children presented this deformity. A definite family history was 
elicited in only one of our cases. The patient’s brother and father also 
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being affected, but whether or not on the same side, it was not possible 
to determine. To students of heredity the condition is of much interest. 
The anomaly is transmitted as an incomplete dominant, being quite 
variable in its occurrence (McDonough’ ; Connon'°). Persons in whom 
the pit is absent, may have pitted offspring. Quelprud" found the con- 
dition 17 times in the study of a large family group of 150. It was 
claimed by one family as its coat of arms. It has even been suggested 
that in some cases, its presence may be useful in determining cases of 
doubtful paternity. 

Symptoms 

In appro.ximately j of the cases the patient was aware of the existence 
of a sinus ; to the remainder, the knowledge of its. presence came as a 
complete surprise. In only one case was there a history of an inter- 
mittent discharge of " white stuff ”. Urbantschitsch® described a case 
where a swelling the size of a pea appeared from time to time in front of 
the ear which was emptied of its secretion by pressure. The material so 
obtained resembled in all respects that coming from other congenital 
fistulous openings in the neck. One case was mildly infected. The 
patient had noticed a pimple on each ear for many_years. It resembled a 
small acne spot and had at no time caused any great discomfort or re- 
quired incision. Infection occurring in an auricular sinus must be borne 
in mind as a not uncommon cause of a recurring abscess in front of the ear. 
Many such cases are recorded (including 2 by Stammers^), the abscess 
being not uncommonly incised several times, before its true nature is 
recognized and the condition finally eradicated by e.vcision of the sinus 
in Mo. Klaber” described a patient with a granuloma in front of the 
ear which came under the care of the dermatologist as a suspected lupus 
and which was subsequently discovered to be due to an infected sinus. 
There was a positive family history. 

Pathology 

We have not had an opportunity of exploring an auricular sfmiB 
surgically or of examining one on section. Congdon* had sectioned 3 
of the marginal helicine type and found its rvaUs to be entirely cutaneous 
with no peculiarity as to hair or glands. They were as a rule cylindrical 
on section, one having a diverticulum. On the other hand Becker and 
Brunschwig^^ excised one and found it to be lined rvith columnar 
epithelium. 

Embryology 

It is. when one comes to ^consider the probable causation of this 
anomaly that one comes across such a rvide conflict of opinion. There 
are two main theories : 

I. That the condition is derived from the first branchial cleft. 
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2. That it has its origin in the faulty union of the 6 tubercles (first 
clearly described by His) round the posterior end of the first cleft 
which fuse to form the external ear.- 

The majority of those who have studied the problem would seem to 
favour the second, but Wood Jones^ in a convincing paper makes out a 
ver}!' strong case for the former as the more likely solution. He points 
out (i) that the hillocks which go to form the external ear are at all stages 
of development so small and inconspicuous — ^he had, indeed infinite 
difficulty in recognizing them all at and " low swellings never separated 
by any degree of distinctness ” was how Streeter described them — that 
it was hard to imagine any sort of fistulous track being formed between 
them as they join. (2) The distribution of the sinuses does not appear 
to follow the line of fusion of the tubercles as they have been described 
by His and Streeter. As the result of a painstaking study of the external 
ear in the developing foetus, he concludes that the major part of the ear, 
■with the exception of the tragus, is derived from the hyoid contribution. 
[As additional supporting ewdence he points out (a) that in cases of 
congenital absence of the mandibular arch (agnathia) the pinna is com- 
pletely formed but for the tragus, and (b) from careful study in cases of 
anaesthesia he maintains that the area of sensory innervation of the Vth 
cranial nerve is limited to the tragus.) The line of the first branchial 
cleft is thus made to correspond to the line of maximum incidence of the 
auricular sinus. 

Congdon and his collaborators, on the other hand, marshall equally 
convincing evidence in support of the second theory, pointing out, in the 
first place, that no one has been kno%vn to have found a connection be- 
tween one of these sinuses and derivatives of the first pouch or groove. 
While admitting that the inter-tubercular grooves are always shallow 
and indistinct, he puts fonvard the hypothesis, that the depth of the sinus 
is determined by shifting of the skin of the auricle at one stage in develop- 
ment, the skin being presumably more firmly anchored to the Underlying 
tissues at the site of each intertubercular groove. There is a distinct 
correspondence between the axes of the various types of sinus and the 
anticipated lines of skin traction (associated, for example, with the rapid 
development of the lower jaw and the cranial vault). It was he too who 
drew attention to the frequent occurrence, in association with pre- 
auricular sinuses, of congenital scam of the skin. These resembled in 
some respects striae gravidarum and he suggests that each is due to 
overstretching of the skin, one during development, the other during 
pregnancy. 

Summary 

In a series of recruits the ears were examined for the presence of 
auricular sinuses. The results of this examination are recorded along 
with some observations on the subject in the literature. • 
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FENESTRATION OF THE LABYRINTH 

By O. POPPER (Johannesburg) 

Part I. 

The Transtympanic Route 

Readers of this Journal \vill be fully acquainted with recent develop- 
ments in fenestration, and, in spite of some undesirable lay publicity, 
none vdll be disposed to ignore its tremendous implications. 

This paper toU deal with 

1. A new, safer and less traumatic approach to the labyrinth — the 

transtympanic route ; • ' 

2. Alternative sites for fenestration rendered accessible by this new 
approach ; 

3. Other otological procedures via the transtympanic route opening 
a new ^^sta in this branch of surgery. 

The Lempert papers, and more particularly the address published in 
the Archives of Otolaryngology, January, 1945, have created a situation 
of some urgency to otologists. Claims that fenestration restores hearing 
in otosclerotic deafness have been established by various workers for the 
past seventy years from Kassel to Holmgren, Sourdille, Jenkins, Bardny, 
Simson HaU and Lempert, to mention only a few. This aspect will not 
be discussed and readers are referred to the more recent publications. 

Lempert claims, and it would appear justifiably, to have triumphed 
over the main cause of failure — ^the osteogenetic closure of the fenestra- 
tion after a few weeks or months bj^ the insertion of a shaped cartilage 
into the newly created opening in the labjuinth. 

He further claims that his " mobile cartilaginous stopple ” has 
banished another cause of defeat — ^post-operative lab5rrinthitis. Both the 
lapse of time and the clinical material at my disposal are insufficient for 
me to make an evaluation or to comment on these claims. 

The records of more than a thousand cases support Lempert in that a 
very large proportion of these had useful hearing restored — that is, such 
cases responded to airborne sound wth an intensity of less than 30 
decibels, and this improvement was maintained for a period of years. 

Simson Hall, although reporting on a vastly smaller number of cases, 
and adopting a more cautious attitude, reports 55 per cent, ^successful 
results. 
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Fig I 

1 I A'us of Labyrinth shows its inclination of 45 degrees to Sagittal plane 

Part of LabjTinth co\ ered b> Alastoid 
T Part of LabjTmth covered by T>nipanic Plate 

P Arrow shows direction of TranstJTnpanic approach and Square On presentation 
of Vestibule 

L Arrow shows direction and oblique presentation b> Mastoid approach 

2 IS opposite ^^est^bula^ region of LabjTinth 
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The Four Steps Of The Transtympanic Approach 

1 • First incision through skin down to cartilage 

2 . Second incision through attachment of cartilage to Tympanic Plate 

3 : Removal of Tympanic Plate 

-4 : Incision through slim of Meatus 








Fig. 3 

Reflection Forward or the Skin of the jMeatus plus the Tympanic Membrane — 
THE TYMPANOMEATAL FlaP — REVEALS MIDDLE EaR 

T Chorda Tympani 

I Long process of Incus attached to head of Stapes 
A Tendon of Stapedius Muscle 
C Round Window 

Pi Site of Fenestration in Cochlear Vestibule 
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Sites of Fenestration 

The Tympanic and Epitympanic space alter removal of the Attic Wall and Incus 
{Chorda Tjmpani Drum and Malleus not shoun) 

L Fenestration in Vestibular Dome (Lempert) 

E Facial Nerve 

A Tendon of Stapedius 

C Round Wmdou 

Pi Fenestration in Cochlear Vestibule 

P2 Fenestration m Scala Tjmpani 




Fenestration of the Labyrinth 

This technical advancemeiy — the prevention of closure by osteo- 
genesis — rounds off a period of expenmental research Theoretically, 
every otologist should now be in a position to attempt this operation 

Lempert issues a warning that " no surgeon, however skilful, should 
attempt this operation without special training in this type of surgery 
under supervision and guidance ” WTiy should this be ? The explana- 
tion IS that by the mastoid approach — ^ivhether post aural or endaural 
IS quite immatenal — the preliminary operation is a radical mastoid 
Then the long meatal flap, of doubtful viability, continuous with the 
tympanic membrane must be carefully fashioned — another arduous, 
time consummg step 

And after all this, when the incus and head of the malleus have been 
removed, one is presented with an obliquely receding field consisting of 
the lateral semicircular cahal and its ampulla and the roof of the vestibule 
The axis of the labyrinth slopes at an angle of 45° to the sagittal axis of 
the skull (Fig I ) 

The hazards of operating on the vestibule are immensely mcreased by 
this obhque presentation It is quite impossible with the mastoid 
approach to get a " square on ’’ view and " square on ” working field 
of this site for fenestration 

This obliquity contnbutes m large measure to the difficulty and danger 
of the operation Actual fenestration is performed, be it remembered, 
at the end of very exacting preliminary procedures 

We are all agreed that the ampulla is a better site for fenestration 
than the external semicircular canal and very many will support Lempert 
and Simson Hall in the claim that the roof of the vestibule is better than 
the ampulla 

In the last seventy years the site of fenestration has thus crept forward 
from the semicircular canal to the ampulla, and finally to the very roof 
of the vestibule itself The mass of evidence favours the vestibule as 
the site of choice for fenestration The approach, however, has remained 
essentially the same — through the mastoid The mastoid route is clearly 
suitable to reach the semicircular canal — ^which is a structure covered 
by the mastoid portion of the temporal bone 

The ampullq, however, already encroaches on the tympanic portion 
of the temporal bone and as for the vestibule-roof, dome, or " cochlear 
vestibule ’ — these are emphatically tympanic and epitympanic structures 
The dome of the vestibule — the site of hundreds of recorded successful 
fenestrations — is in immediate relationship to the epitympanic space 
and the lower portion of the vestibule is correspondingly a tympanic 
structure The lateral wall of the vestibule is largely the internal wall 
of the tympanic cleft 

I contend that, before the operation for fenestration can hope to enjoy 
populanty and be performed with a degree of essential competence by a 
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large number of otologists in ever}- quarter of the globe, a complete 
reorientation of ideas .on the surgical approach to the vestibule must 
take place. 

To approach tympanic structures through the mastoid would seem a 
surgical absurdity, and,, until otologists come to grips udth tliis ana- 
chronisrh, so long null this operation remain in the hands of the very few. 
‘The transmastoid route for fenestration operations on any part of the 
vestibule, is not only unnecessar3r, but undesirable ; this quite apart 
from operating under adverse conditions on an obliquely receding 
held. 

Trauma incident on mastoid exenteration is massive, and severe 
post-operative oedema is unavoidable. This inflammatory reaction is, 
at best, purely post-traumatic and sterile or non infective, j'^et it may 
ruin the chances of hearing recover after fenestration. With the best 
aseptic technique and most favourable conditions, many cases will become 
infected — ^bacterial invasion of devitalized bare bone is difficult to control. 
j\Ionths of suppuration after fenestration is not uncommon, and is not 
vuthout- its special danger where the labyrinth has been exposed. Bone 
tissue is notoriously liable to a form of low grade chronic sepsis. It is 
possible that the differing reports on fenestration, ranging from success 
(Lempert 8o per cent, and Simson Hall 55 per cent.) to failure can be 
partlj'' explained by the better approach technique of these workers, 
rather than the actual fenestration procedure. 

The Transtympanic Route : 

I believe the transtjunpanic approach will tend to popularize the 
fenestration operation in that a larger number of competent surgeons 
will be tempted to undertake this admittedly delicate and exacting work. 
Operating Avith magnification requires practice and acquisition of such 
experience is the first and primary qualification. 

Once the surgeon is assured of a “ square-on ” presentation of his 
field, easj' access, perfect haemostasis and, above all, superlative land- 
marks and perfect rdsual control — ^however delicate the manipulation 
demanded, the major terrors of fenestration are banished. iVIoreover, 
-the fact that exposure of this field can be comfortably accomplished in 
thirtj'^ minutes rvithout touching the mastoid is an incaluable advantage. 
The t}unpano-meatal flap can be prepared in fifteen minutes, instead of 
an hour or more required, when skeletonizing the long bony meatus, 
with the danger of tearing ever present, necessitating abandonment, or 
a two-stage operation. 

In contra-distinction to the back door or mastoid approach, where the 
surgeon works from behind the ear, in the transtympanic technique 
the field is approached from the front — the patient's face is turned 
towards the surgeon. 
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Fenestration of the Labyrinth 

Anesthesia 

Immobility of the patient is essential when working with magnification 
and, however much we may desire to test the patient’s hearmg on the 
operating table immediately the fenestration has been made, movement 
of the head is most distressing for the surgeon dunng this manoeuvre 
and full amesthesia is desirable 

Heavy premedication and infiltration up to the pomt of fenestration 
IS satisfactory, with Pentothal intravenously when the actual fenestration 
begins 

Both sides of the tragus are infiltrated dow-n to the penchondnum 
with a I per cent Novocain Epinephrm, or similar solution This 
infiltration is continued along the antenor surface of the tragal cartilage 
and the cartilage of the meatus and, as dissection proceeds, over the 
anterior surface of the tj'mpanic plate The skin incision is over the 
tragus, either over the edge or internal to it, to ensure the minimum 
visible scar, or in the fold between the tragus and the temporo mandibular 
articulation The incision is extended upwards and downwards and is 
about I'i m long The skin is reflected off the cartilage of the tragus 
and blunt dissection is carried over the antenor surface of the cartilage 
of the meatus and the latter’s attachment to the tympanic plate 
Further blunt dissection clears the bone of the antenor surface of the 
tympanic plate until the latter is exposed for I inch 

This entire exposure occurs in the fascial plane of the antenor surface 
of the cartilage and tympanic plate No vessels, nerves or other structures 
of consequence are encountered The field is bloodless 

The tissues antenor to this plane are retracted forward eii masse, 
pushing the temporo mandibular articulation with it The attachment 
of the cartilage to the tympanic plate is defined and infiltrated 

The second incision is now made through this attachment and through 
the underlying skin, thus opening into and revealing the divided lumen 
of the meatus itself which has been previously stenlized with spirit A 
rongeur of suitable size is now inserted into the bony meatus, to grasp 
and remove a large part of the tympanic plate and its investment of 
skin 

I have no hesitation m sacnficing the meatal skin lining of the 
tympanic plate Its dissection is tedious and preservation pointless 
This tongue of skin is insignificant and would most probably slough in 
any case 

Illumination and Magnifying Devices 

Up to the tympanomeatal flap procedure I use a binocular prismatic 
headlamp with interchangeable objective lenses, ranging from 4 to 8 
dioptres The latter gives a working distance of 14 centimetres and 
about 2\ magnification I find these magnifications most adequate up 
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large number of otologists in every quarter of the globe, a complete 
reorientation of ideas on the surgical approach to the vestibule must 
take place. 

To approach tympanic structures through the mastoid would seem a 
surgical absurdity, and, until otologists come to grips with this ana- 
chronisrh, so long will this operation remain in the hands of the very few. 
The transmastoid route for fenestration operations on any part of the 
vestibule, is not only unnecessary, but undesirable ; this quite apart 
from operating under adverse conditions on an obliquely receding 
held. 

Trauma incident on mastoid exenteration is massive, and severe 
post-operative oedema is unavoidable. This inflammatory reaction is, 
at best, purely post-traumatic and sterile or non infective, yet it may 
ruin the chances of hearing recovery after fenestration. With the best 
aseptic technique and most favourable conditions, many cases wall become 
infected — bacterial invasion of devitalized bare bone is difflcult to control. 
Slonths of suppuration after fenestration is not uncommon, and is not 
vithout its special danger where the labyrinth has been exposed. Bone 
tissue is notoriously liable to a form of low grade chronic sepsis. It is 
possible that the differing reports on fenestration, ranging from success 
(Lempert 8o per cent, and Simson Hall 55 per cent.) to failure can be 
partly explained by the better approach technique of these workers, 
rather than the actual fenestration procedure. 

The Transtympanic Route : 

I believe the transtympanic approach will tend to popularize the 
fenestration operation in that a larger number of competent surgeons 
will be tempted to imdertake this admittedly delicate and exacting work. 
Operating with magnification requires practice and acquisition of such 
experience is the first and primary qualification. 

Once the surgeon is assured of a " square-on ” presentation of his 
field, easy access, perfect hjemostasis and, above all, superlative land- 
marks and perfect visual control — ^however delicate the manipulation 
demanded, the major terrors of fenestration are banished. Moreover, 
- the fact that exposure of this field can be comfortably accomplished in 
thirty minutes without touching the mastoid is an incaluable advantage. 
The tympano-meatal flap can be prepared in fifteen minutes, instead of 
an hour or more required, when skeletonizing the long bony meatus, 
with the danger of tearing ever present, necessitating abandonment, or 
a two-stage operation. 

In contra-distinction to the back door or mastoid approach, where the 
surgeon works from behind the ear, in the transtympanic technique 
the field is approached from the front — the patient’s face is turned 
towards the surgeon. 
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Fenestration of the Labyrinth , 

middle ear now stand revealed A few drops of adrenalin are instilled 
into the tympanic cleft 

The crucial landmarks which leap into view are 
The promontory , 
the round ivindow , 

the tendon of the stapedius, issuing from the eminentia pyramidahs 
and running honzontally forward to attach itself below the 
capitulum of the stapes , 

the stapes, whose anterior and posterior crura can be seen through the 
thin stapedial obdurator membrane , 

the long process ^f the incus, and its lenticular process attached to 
the capitulum of the stapes, and forming almost a right angle with 
the stapedial tendon 

The crura of the stapes descend into the recess of the oval window 
where they become attached to the footplate of the stapes It is most 
important to realize and now can be clearly made out that the oval 
ivindow is not in the same plane as the promontory, but in a deep recess 
The chorda tympani can be observed m the upper part of the field 
running across the long process of the incus and disappearing behind the 
neck of the malleus I do not know of any procedure in which the surgeon 
is so generously provided with unmutilated landmarks 

Trephination or the Ampulla Dome Region of the Vestibule 
. (Lempert) 

Although some emphasis is laid on fenestration of the cochlear 
vestibule m a latter part of this paper, the original object of this intesti- 
gation was to discover a more rational approach to the classical fenestra- 
tion site, namely the ampulla dome region of the vestibule This site 
has the greatest number, as well as the most consistent record of successes 
to its credit The transtympanic approach, as descnbed, is the outcome 
With the transtympanic approach, as thus far descnbed, the ampulla 
dome region is still overhung by the lateral wall of the attic or epitympanic 
space This wall must now be removed with dental burrs The denuded 
bone of the meatus adjacent to the tympanic nng supenorly and 
posteriorly is thinned down until skeletonized and thin flakes of bone can 
he lifted away revealing the entire incus The long process of the incus 
guides the operator to the body and head of the incus With sharp 
pointed scissors the incudo-malleolar articulation is severed, as well as the 
attachment of the long process of the incus to the capitulum of the stapes 
The incus is now removed m its entirety and discarded There is no 
need to amputate the head of the malleus, as it does not obstruct the field 
in this approach 

The ampulla of the lateral semicircular canal and the dome of the 
vestibule now he clearly revealed and “ square on " The facial nerve 
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attic and antrum. The results have been extremely good, thus far. 
Otologists vdshing to gain experience in Nvorking %vith magnification and 
in the transtjonpanic approach, should not hesitate to give this method 
a trial in cases where they would perform the mastoid operation. 

I would urge some preliminary practice on the cadaver to develop 
aptitude with the binocular magnif3nng device, and the dental machine. 
No gouges, chisels or mallet may be used. 

•Other Fenestration Sites in the Labyrinth rendered accessible 

BY THE TrANSTYMPANIC ROUTE 

A. Fenestration of the " Cochlear ^''estibule ”. 

B. Removal of the footplate of the stapes. 

C. Fenestration of the Scala Tympani. 

The surgeon is not limited to the upper part of the vestibule above 
the facial nerve. With the transt3Tnpanic approach the whole vestibule, 
as well as the scala t}Tnpani, is at his disposal. 

Fenestration of sites other than the dome are still in the realm of 
experimental surgerjL The next few j-ears may establish their importance. 

The Projiontory 

The promontoiy’’ covers two distinct portions of the labyrinth — 
vestibule and scala tympani. The lower portion of the promontory 
corresponds to the scala tjnnpani, and is closed posteriorly by the round 
window, w'hich is covered by the delicate secondarj’^ tympanic membrane. 
The basal portion of the basilar membrane is attached laterally to 
the inner surface of the promontor}L and medially to the edge' of the 
basal portion of the lamina spiralis ossea. The basilar membrane sweeps 
back to be attached to the upper border (internal surface) of the round 
window, thus completely shutting off the basal portion of the scala 
tympani from the vestibule above. That part of the vestibule w'hich lies 
above the basilar membrane and lamina spiralis ossea, I have termed 
the " cochlear vestibule ”. The scala vestibuli of the cochlea begins at 
its anterior and lower extremity. 

, The cochlear duct begins as the caecum vestibulare in the " cochlear 
vestibule ", and lies on the upper surface of the basilar membrane and 
in close apposition laterally to the promontor3'' wall. 

In order that hearing be restored by fenestration the mobility of the 
periljrmph of the vestibule (and the scala vestibuli) must be restored. 
This perilyunph is continuous with that in the scala vestibuli of the 
cochlea. The latter communicates with the perilymph in the scala 
tjmipani through the helicotrema at the apex of the cochlea. 

The membrane closing the round window must be functionally 
unimpaired. 
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Fenestration of the Labyrinth 

Removal of the promontory wall, nrthout reference to such portions 
of the membranous labyrinth attached to its internal surface, either 
damages the basilar membrane and the cochlear duct, with consequent 
loss of function, or at best throws the basal coil of the scala tympani into 
immediate communication with the penlj'mph of vestibule In the 
latter case, the auditory stimulus is not transmitted via the helicotrema — 
the entire cochlea is shortcircuited 

^r^ESTRATIO^ or THE " COCHLEAR VESTIBULE ” 

Cases have been reported of short lived restoration of heanng after 
trephmation of the promontory 

This dubious record appears to have discouraged further investigation 
to discover a fenestration site m this convenient region WTien fenestra- 
ting the vestibule m the region of the promontory it is imperative that 
no invasion or penetration of the scala" tympani occurs 

Clearly fenestration must be performed above the attachment of the 
basilar membrane, i e in the " Cochlear Vestibule ” This is my site 
of choice and, when difficulties of instrumentation have been overcome, 
it may compete with the " dome ” site for the following reasons 

1 Easy access 

2 No ossicle is sacrificed 

3 The attic wall is untouched 

4 No raw bone surface is created requinng an epithelial covenng 

5 The fenestration is remote from the nerve supply — less vestibular 
distwrbiance 

6 The thinnest part of the tympanic membrane — membrana tenSa — 
covers the fenestration 

7 The promontory is thin flat bone — minimal regenerative tendencies 
and danger of osteogenetic closure of fistula 

Exposure or the " Cochlear Vestibule ” 

The transtympamc technique is earned through up to the completion 
of the tympanomeatal flap The attic wall is left intact The malleus 
IS gently displaced forward until a space in front of the antenor crus of the 
stapes IS cleared on top of the “ shoulder of the promontory , which 
IS parallel to and below a line continuous with the tendon of the 
stapedius The fenestration should he on, but not cross, the honzoutal 
tangent of the upper curvature of the round wmdow 

During dislocation fonvard of the malleus it will occasionally be 
observed that the lenticular process of the meus becomes detached from 
the capitulum of the stapes It is of no consequence even if m addition, 
as I suspect, the processus gracilis of the malleus is fractured 

The point is that this fenestration demands neither the removal of an 
ossicle (incus) or of the attic wall 
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The promontoty wall is thin— rather -less than one millimetre in this 
region. This may be important in that regenerative tendencies in flat 
thin bone are less marked than in thicker bone as encountered over the 
ampullary dome region. The horizontal tangent to the upper curvature 
of the round ^vindow defines the limits of safetjc 

Fenestration above this line, and anterior to the anterior crus of the 
stapes, will avoid invasion of the scala tjnnpani and damage to the 
cochlear duct and basilar membrane. 

The safest site is the " shoulder of the promontorj? ", where it dips 
inwards towards the oval vindow, at a point just in front of the anterior 
crus of the stapes. 

The "cochlear vestibule" site is not accessible by the orthodox 
posterior approach. 

Technique of Fenestration 

The burr is a diamond paste cylinder one and a half millimetres in 
diameter. 

This cylinder, rotating at about 3000 revolutions per minute, is made' 
to stroke the shoulder from behind fonvards, gentle downward pressure 
being applied. Bone dust debris, and spicules, are remoyed by irrigation 
suction. 

The shoulder is thinned down, spicules and endosteum are dealt with 
carefully ; thin wafers of bone come away, usually with endosteum 
attached. The edges of the cavity are carefully smoothed and finished. 

The operator may now close it unth cartilage— derived from the already 
conveniently stripped tragus. This, according to Lempert, will prevent' 
osteogenetic closure" and post -operative labyrinthitis. Lempert’s. 
argurnent and records are convincing. 

The t5Tnpanomeatal flap is replaced as described. The membrana 
tensa — ^thinnest portion of the tympanic membrane — covers the 
fenestration. 

The “ cochlear vestibule " is remote from the nerve supply to the 
ampulla, saccule and utricle. These nerves ramify in the dome of the 
vestibule to supply the respective parts of the Iab5Tinth. Post-operative 
labyrinthine disturbances may, therefore, be expected to be less severe 
and more evanescent than when fenestration takes place immediately 
adjacent to these nerves at the ampulla and dome, as there is less liability 
to trauma. Such trauma may be thermal — due to the heat generated by 
the burrs, or actual injury. 

Thirty-six labyrinths were dissected to verify the “ cochlear 
vestibule ” site for fenestration. I am deeply indebted to Professor 
R. A. Dart of the Department of Anatom5% Witwatersrand University, 
for assisting me in this work. Professor Dart placed at my disposal not 
only, his vast experience, special knowledge and advice, but also the 

34 



Fenestration of the Labyrinth 

enormous resources and matenal of his department, as well as the 
services of the Technical Department headed by Mr E W Williams 
Without this CO operation it would have been impossible to conduct and 
conclude this investigation 

Removal or the Footplate of the Stapes 

The oval window (with stapedial footplate) and upper portion of 
the promontory are part of the vestibule adjoining and directly contin 
uous with the dome ampulla region The oval rvmdow should be the 
ideal fenestration site In practice this has not been confirmed With 
the transtympanic approach and the dissecting microscope removal of 
the stapedial footplate presents no special difficulties and can be done 
under perfect visual control 

Eustachius m 1564 stated that the footplate adheres to the 
labjmnthme sac — presumably the saccule Whether this adhesion can 
always be demonstrated or not, damage to the membranous labyrinth is 
probably an important cause of failure where this operation is attempted 
" blind ”, 1 e with the postenor approach and \vithout an operating 
microscope As the otosclerotic process is assumed to mvade the foot- 
plate of the stapes, causing its fixation, the advisability of surgical 
interference m this region seems highly questionable 

The Scala Tympani and Round Window 

To the best of my knowledge all fenestration procedures to date have 
been performed on the vestibular portion of the labyrinth, whose pen- 
lymph IS continuous with that of the scala vestibuh of the cochlea 
It has been proved beyond any doubt that fenestration of the vestibule 
will only succeed in restonng heanng if the membrane closmg the round 
window (scala tympani) is functionally unimpaired With the trans- 
tympanic approach the scala tympani becomes accessible for 
fenestration 

Cases are rejected that show a low cochlear nerve function reserve 
as tested by bone conduction with the Audiometer Are these cases 
true nerve deafness ’ Histological evidence of degenerative changes in 
the nerve endmgs of the organ of Corti in such cases are meagre and 
unconvincing Could not an alternative hypothesis be considered — 
compatible with the theory that perilymph mobility determines heanng 
function ^ I suggest that instead of assummg without adequate evidence 
that nerve degeneration has occurred, we assume that through pen- 
lymph impedance the vibration simply does not reach the upper region 
of the cochlea that the latter thus receives no stimulus, and does not 
respond to sounds in the upper register, despite the fact that the nerve 
endmgs m the spiral organ are functionally unimpaired Closure of 
the round window could produce such a situation 
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Fenestration of the scala t3Tnpani, alone or in addition to vestibular 
fenestration, maj' prove effectual in such cases of profound mixed deafness. 
These procedures involving the scala t5TOpani and roimd uindow are yet 
strict!}' in the experimental stage. Thej' maj' open up a long vista in 
labyrinthine surgery. Cases hitherto considered borderline or unsuitable 
in rdew of age or so-called superadded nerve deafness may come unthin 
the scope of fenestration, or double fenestration. 

Is stapedial fixation a constant in everj' case of otosclerosis ? 
Closure of the round uindow would produce the same symptoms. It 
may precede, accompany or occur independently of stapedial fixation. 
Incidental!}' the fixation or mobility of the Stapes can be checked at the 
operation. Round window closure is not so easy to determine, A test 
for this is imperative. Lack of patency may explain why some cases of 
otosclerosis are not improved by fenestration of the vestibular lab}'rinth. 
Fenestration of the scala tympani may restore perilymph mobility in 
such cases. The site for fenestration of the scala tympani must lie 
below the attachment of the basilar membrane. The scala tympani 
of the cochlea is much larger than the scala vestibuli. If a tangent be 
drau'n 30° to the horizontal touching the upper curvature of the fossula 
of the round wndow, the site of fenestration lies below and behind this • 
line, and between it and the lower curvature of the round window. The 
attachment of the basilar membrane within the promontoiy' wall lies 
above and in front of this area. 

Tinnitus and Vertigo 

T. E. Ca^vthome and A. J. M. Wright have recently published their 
operative technique for the relief of lab}'Tinthine disturbances. 
Cawthome’s operation would be easier by the transt}'mpanic route. 
Wright injects alcohol into the oval window through the intact drum. 
Those otologists who prefer to do this by an open method and under 
\'isual control wll find the transtyrapanic route reveals this region with 
great clarity. Lempert reports that successful fenestration abolishes 
tinnitus. Intolerable tinnitus must, therefore, be considered an indication 
for operation. 

The scope of this work is vast ; technical difficulties are formidable. 
No one alone could hope to cope w-ith its development. This is a task of 
international magnitude ; nor should anyone imagine that a few weeks 
tuition and perhaps seeing these operations done will confer any skill 
whatsoer-er. Such an attitude unll only bring this work into discredit. 

There is only one way to begin and for that there is opportunity in 
ever}' large centre — on the cadaver. No opportunity should be missed 
of repeatedly going back to the cadaver so that when the decision of 
operating on cases is taken most of the imponderables associated with this 
t}’pe of surgery have been encountered. Let there be no rush to various 
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centres but rather a laying down of solid foundations — ^in the dissecting 
room — at home. 

I hope to present clinical records in eighteen months or after a lapse 
of time sufficient to allow for dispassionate evaluation. 

In the meantime I present this mixture of practice, experience, and 
theory, not prematurely, but for a definite purpose — ^that no time be 
lost in the development of lab3Tfnthine surgery. If my observations 
have stimulated further investigation and, above all, a large recruitment 
of my colleagues — ^who for various reasons may have held aloof — ^into 
the field of labyrinthine surgery, the purpose of this paper rvill have been 
amply achieved. 

Collectively a few years will crystallize labyrinthine technique, 
where a lifetime will leave the labouc unfinished for one who works alone. 
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PERFORATION OF THE AORTA BY A FOREIGN BODY 
IN THE (ESOPHAGUS 

CASE REPORT AND REVIEW OF THE LITERATURE 

By H. J. BARRIE and V. TOWNROW (Sheffield) 

Perforation of the aorta by a swallowed foreign body is not very rare, even 
these days when radiography and ffisophagoscopy are so widely available. 
The clinical history is very unifonn and has enough features of interest to make 
it worth while reviewing the reported cases and describing an additional one. 

Case Report 

A woman aged 6o was eating fried plaice, when she felt a sharp scratching . 
pain down the mid-line of her back. It shortly recurred and became constant, 
tending to radiate round the right side to the breast. The pain was increased 
on swallowing fluids and it became excruciating when an attempt was made to 
swallow bread. A barium swallow and radiograph revealed nothing abnormal 
and the pain diminished and later disappeared. 

Seven days after the original accident she felt a very violent bursting pain 
and then vomited a quart of mixed bright red and dark red blood. The next 
day she was admitted to hospital. She ryas tender to deep palpation over 
the yth dorsal vertebra, her puls'e was 94 and temperature 97-2°. She did not 
look ill. The day after adrnission she suddenly vomited a large quantity of 
blood and died. 

Summary of Autopsy Report. P.M. 157/43 

Very pale stout woman. Pharymx full of dark blood. Oesophagus con- 
- tracted and empty. In the anterior wall of the oesophagus, at the level of the 
lower part of the aortic arch, was a round perforation 0-2 cm. diameter, with 
ragged, discoloured edges. The perforation led directly into the aorta. At 
this point the oesophagus was closely attached to the arch by its normal fibrous 
tissue connections and no space had formed there from oedema, inflammation 
or heemorrhage. The track of the perforation itself was full of blood clot. 
The stomach was full of clotted blood. The intestines contained tarry black 
blood at intervals ; they were searched carefully but no foreign body was 
discovered. The bronchi contained bubbly, dark red blood. No relevant 
changes in other organs. 

Discussion. 

80 similar cases have been reported in the literature and, although we have 
been unable to consult each onginal article, we have collected the details of 
enough to show that the clinical course is verj’^ uniform. 
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Owing to the dramatic nature of these accidents and the relative ease of 
reporting them, the number of recorded cases must be a better index of their 
frequency than is the case with most illnesses For the same reason the 
frequency relative to other complications of suallowed foreign bodies wiW be 
unnaturdly high Adelmann (1867) reviewed 314 published reports of foreign 
bodies in the oesophagus, among which there were 14 cases of perforation of 
the aorta 

It is noticeable, in the literature, that even the most experienced surgeons 
rarely saw more than one case Table i shows the distribution m the decades 


TABLE I 

Distribution of Reported Cases in Decades 


Decades 

No ot cases 

Decades 

No of cases 

1840 49 

3 

1900 1909 

10 

1850 59 

5 

1910 1919 

19 

i860 69 

0 

1920 1929 

5 

1870 79 

6 

J930 J939 

6 

i88o 89 

A 

1940 

3 

1890 99 

7 




of the past century of 74 of the published cases, and it cannot be said that the 
numbers show any declme since the introduction of radiography 

The object responsible for the perforation was cited m 39 cases as follows 
Unspecified bones 15, fish bones 8, rabbit bones 2, chicken bones i, 
coins 4, safety pins 3, dentures 2, collar stud i, pm i, needle i and wire i 
A reflection on table manners is afforded by the fact that three times as 
many men were affected as women 

The blood vessel most commonly injured by perforation of the oesophagus 
IS the aorta Schlemmer {1929) collected 51 cases of perforation of the aorta 
2 of the other vessels m the thorax and 29 of vessels m the neck 

The clinical features of perforation of the aorta have been well described 
by Chian (1914} He stressed the initial discomfort on swallowmg the foreign 
body, frequently followed by a symptom-free mterval of several da >5 and then 
by the fatal hemorrhage, the latter almost invariably preceded by a signal 
hemorrhage His descnption is borne out by a study of Table 2 There were 
18 observations on pain as a symptom of which 7 referred to pam as being 
constant and ii as being absent or temporary Most of the cases with 
temporary pain had a recurrence of this symptom shortly before death In 
all, except one, of these 18 well documented cases there was a signal hsemorrhage 
before the mam fatal one, preceding it by a period averaging one day and ranging 
from two hours to three days 

Ko satisfactory explanation for this phenomenon has ever been put forward 
The first haemorrhage apparently comes from the aorta ana then for some 
reason stops This cessation is not due to fall in blood pressure for the 
bleedmg is rarely severe enough to cause this Krause {1897) thought that the 
initial hiemorrhage was stopped by the formation of a penvascular clot and 
that progressive sepsis softened the clot In many of the cases however 
there was no evidence of sepsis and we consider it unlikely that a thrombus 
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Additional 28 cases Aras 18O2, Balacescu 1904, Blandien 1906. Braasch 1886 (tuo cases), Buhvert igor, Dictnchs 1894, 

cited by Schlemmer {1929) Durham 1904, Feldham 1919, Gebser 1865. v Hacker 1913. Knaggs 1908, Levy 1897. Martin 1918, 
Neumeyer 1905, Nevol 1897, Pieniazck 1902, Plant 1921, Srebrny 1919, Sj’mes Clark 1884, Viannay 
1910 Vogel 1931, Waller 1910, Weyrauch 1893 (two cases), Williams 1892, Mayr 1920 IMilligan 1912. 



H. J. Barrie and V. Townrow 

could oppose the blood pressure in the aorta. It is possible that the initial 
perforation is closed by a temporary? spasm of the arterial wall. 

The time interval between accident and death was stated in 37 cases. 
These fell into two natural groups according to whether the perforation was 
caused by a sharp or blunt object. One sharp object, a bone, perforated the 
aorta vithin 5 minutes of swallowang it and one took six weeks. These were, 
however, exceptional cases and the remainder, on an average, took 8 daj's, 
with a standard variation of plus or minus 3 '38. 

Perforation is probably caused by constant pressure, aided by contractions 
of the cesophagus'and pulsation of the aorta. Sepsis does not appear to plaj’ 
an important part if the time between accident and death be any criterion. 
In 9 cases where sepsis was stated to be present the average inter\"al was 7 
days, and in 7 cases where it was absent the average inter\'al was 8 days. 

The five blunt objects showed great variation in the time they took to erode 
the aorta, ranging from 14 days to i year 10 months. 

Treatment of the condition other than on prophylactic lines must remain 
an academic question. A knowledge of its occurrence can serve only to under- 
,line the need for caution in dealing with the patient who has swallowed a 
foreign body. Loss of pain should not produce complacency. For practical 
purposes, however, it ma}' be said that after a lapse of two weeks a sharp 
foreign body Is imlikely to show its presence b}? puncturing the aorta. 
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EAR 

Some Remarks on Vesltbitlar Nystagmus A De KLE'i s Confinxa Nettrologia 
Separatum \i, Fasc 5 

The first part of this paper is devoted to experimental uork on the reflex 
arc of vestibular n3stagmus It is pointed out that little is kno\\Ti of the 
cause of the quick component in vestibular njstagmus but that experimental 
work has established a more extensive knowledge of the site of ongin Normal 
vestibular nystagmus can be elicited — 

(rt) After the removal of the cerebral hemisphere 
(6) After removal of the cerebellum 

(c) After a section of the brain just antenor to the abducens nuclei, 
wherebj the nuclei of the oculomotor and trochlear nerves are put 
out of function, and 

(ff) After a section of the medulla taken just behmd the v estibular nuclei 
Thus it IS apparent that a small reflex arc suffices for vestibular nystagmus 
with a normal slow and quick phase penpheral labvrmth, vestibular nuclear 
area, abducens nucleus, abducens nerve and external rectus muscle 

This small arc is not onlj applicable to animals but also to the human as 
proved bj ex-penments on an anencephalous monster which was devoid of 
cerebral hemisphere, cerebellum, mid brain (including the oculomotor and 
trochlear nuclei) and m which all the ocular muscles were absent with the 
exception of the external recti This expenment, while estabhshing that onlv 
a small arc is essential, did not rule out the possibihty that other nuclei of the 
brain or other mfluences do not plaj’’ a part. 

A senes of expenments were conducted to mvestigate the influence of 
external stimuli on njstagmus These showed that stimulation of the nasal 
mucous membrane can cause some acceleration of the njstagmus whereas a 
stronger stimulation wtU imtate the v estibular sj stem until ultimatelv complete 
paralysis of njstagmus maj occur 

The second part of the paper is devoted to a few observations show mg the 
application of expenmental work on the clinical picture A.ttention is drawn 
to the possibility of wrong conclusions being drawn from the calonc test where 
only cold water is used It has been found clmically that the cold calonc test 
may giv e an apparent reaction in cases where there is known to be complete loss 
of labynnthme function The explanation is that there is a latent tendency to 
nystagmus ansing from the opposite labyrinth which has been made manifest 
by' the sensory stimulus of cold in the functionless side In such cases a similar 
reaction would also be produced by warmth but the response would be a nv stag 
mus to the opposite side (i e the response which might be expected from the 
cold calonc test) This has been confirmed by' animal expenments 

Expenmental inv esligation has also elicited a cause for a second tv’pe of case 
hitherto an enigma Sudden vertigo may occur in some patients after bnnging 
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the head first backwards and then to one side. Experimental!}' it has been 
proved that this movement reduces the flow of the vertebral artery on the same 
side owing to pressure in its course between the atlas and the skull. If the 
auditory arterj- arises directly from the vertebral in these cases the result is 'a 
complete occlusion of the blood supply {the a;uditorj' arterj' being an end artery). 
The resultant ansemia of the lab}™^! gives rise to vertigo. 

J. Gilroy Glass. 

Uber Die Gelwrsverbessening Mit Horapparaten. Urpo Siirala. Ada Oto- 
Laryngologica, March ist- April 4th, 1945, xxxiii. 

The author examined 685 persons who were permanently hard of hearing 
and attempted to classify them according to the improvement received from 
hearing apparatus. 

His conclusions coincide vdth the impressions generally held by otologists 
and there is little new in the paper, but a useful task has been performed by 
putting these impressions on a sound scientific basis. 

He notes that in general the older the patient the less tolerant of a hearing 
aid he ^vill be. 

G. H. Bate.man. 

Experimental Histological Studies on the Eabyrinth.^ S. H. Mygind, 
H. C. Andersen, J. Arnvig. Acta Oto-Laryngologica, July ist- 

August Sth, 1945, xxxiii. 

In volume x.x.xiii S. H. Mygind and his co-workers have published a series 
of six articles on experimental histological studies of the labyrinth. They 
describe a method of intra^•ital staining and compare the results obtained 
vdth those obtained vith postmortem staining. Differences are noted and 
discussed. Changes in the lab3'rinth caused by injection of histamine, adrena- 
line and other chemicals are studied. The whole series is well illustrated 
vith microphotographs, and should be of great interest to the research worker 
in this line but is highfy technical and most clinicians vail have to await its 
interpretation before the results can be applied to clinical otolog}'. 

G. H. Bateman. 

Otitis Media caused by Sivimming. John Chr. Nielsek. Acta Oto-Laryn- 
gologica, Februarj’, 1945, xxxiii. 

The author has carried out bacteriological studies on cases of bathing 
otitis occurring in 1941 and 1943. He concludes that bathing otitis is an 
endogenous infection and impure bath water has no etiological significance. 
This' agrees with the opinion held by most otologists. 

G. H. Batejia.v. 

Hearing. Some orientating remarks on tuning forks and audiometer and on the 
registration of defects of hearing. S. H. Mygind. Acta Oto- 
Laryngologica, February, 1945, xxxiii. 

This veiy’ interesting paper provides an explanation for the apparent 
contradiction between tuning fork and audiometer tests in middle-ear deafness. 
The-autlior quotes a typical case of otosclerosis and obstructive deafness 
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due to wax and gives the tuning fork tests and audiograms The reason for 
the discrepancy is the fact that subjective loudness levels at the various 
frequencies do not vary equally with the change in physical mtensity as 
expressed by decibels The author then converts the audiograms into loudness 
audiograms with the subjective unit the “son" as the ordinate This shows 
that in obstructive deafness the greatest loss is at the low tone end and not at 
the high tone end, as is suggested by the audiogram expressed in decibels 
He concludes that for complete examination of the auditory function 
tuning forks, monochord and audiometer are all desirable 

G H Bateman. 


NOSE 

Treatment of Frontal StnnstUs wtth Beck’s Puncture A Jorgensen and 
K. R Melgaard Acta Oto Laryngologtca, February, 1945, xxxm 
The authors describe seven cases of frontal sinusitis treated by puncture 
through the anterior wall This is the method described by Beck m 1933 
when the cannula is left in situ for several days to permit of drainage and 
medication of the sinus mucosa This seems a promising method of treatment 
which is so far not adequately recognized in this country 

G H Bateman 

The Roentgen Treatment of Vasomotor RhtntUs Axel Renander Acta Oto^ 
Laryngologtca, February, 1945, xxxiii 

This paper gives an analysis of 226 cases of vasomotor rhinitis treated 
during three years, 1938 1941 The results of this treatment appear to be 
extremely promising as only ten per cent were not improved and sixty seven 
per cent report complete freedom from symptoms 

The treatment consists of three treatments of 150 r on the sinuses and nose 
with one or two days interval between treatments The authors give inade- 
quate descnptions of the technique as it is not clear in the text how many fields 
were used, or where the dose of 150 r was measured A large field was being 
irradiated and therefore where the measurement was taken is of considerable 
importance 

No bad results from the treatment are reported 

G H Bateman 

Local treatment wtth Sulfathtazole in Stnusttis Peter Berdal Acta Oto 
Laryngologtca, May ist June 30th, 1945 xxxiii 
These investigations consisted of 42 cases of maxillary sinusitis subjected 
to sulfathiazole treatment and 4^ cases treated similarly with the omission 
of the introduction of sulfathiazole into the antrum The results of the 
mvestigations are summarized as follows 

I. It could not be proved that the sulfathiazole treatment occasioned 
any reduction of the number of antrum punctures 

2 Nor that the sulfathiazole treatment reduced the number of operative 
cases 

3 The use of sulfathiazole in a 10 per cent suspension in the maxillary 
cavity in sinusitis thus seems without any therapeutic effect 
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4. The sulfathiazole treatment is of equally little avail whatever the 
pathogenic microbes be that are present. 

5. In the said form the sulfathiazole involves a state of irritation of the 
mucous membrane in the maxillary cavity, though this seems to be moderate. 

G. H. B.\tem,\n. 

Orbital Comphcattons folloimng operations on Paranasal Sinuses. 
Erik Godtprexisex. Acta Oio-Laryngologica, May 1st- June 30th, 1^46, 
xxxiii. 

Examination of the literature shows comparatively few reports of orbital 
complications follo\ring operations of the sinuses. The author thinks that it 
is probably much more common than the literature would suggest as he was 
able to trace 8 cases in his owm clinic in a six year period. 

He has re^^ewed his o\vn 8 cases and 42 reported in the literature from 1902 
onwards. It seems that the complications are much commoner after intranasal 
ethmoid than any other operations. Furthermore the S3'mptoms after maxillary 
operations are likely to be transitory whereas the majority were permanent 
after ethmoid operations. He therefore suggests that active surgical treat- 
ment of the complications should be instituted in those cases arising after 
ethmoid operations. He gives some indications for active surgical treatment. 

G. H. Bateman. ' 

Local Treatment of Maxillary Sinusitis with Alfasol. Helmer Rasmussen. 
Acta Oto-Laryngologica, September ist-December 31st, 1945, xxxiii. 

The author has treated 58 cases of maxillary sinusitis \vith injections into 
the sinus of alfasol and has, at the same time, had 59 control cases. The 
treatment of both series was identical except that the alfasol was omitted in 
the control group. 

No improvement in the results with alfasol was noticed and no benefit 
seemed to be derived from local chemotherapy. 

Alfasol is a proprietary sulfanilamide derivative. 

G. H. Bateman. 


TONSILS 

Tonsillectomy : General or Local Anastliesia. Kaksten Kettel. Acta Oto- 
Laryngologica, July ist-August 30th, 1945, Nx.xiii. 

This is an interesting report on 500 cases of tonsillectomy under general 
ansesthesia. The results in these cases compare favourably with cases done 
under local anaesthesia in other Danish hospitals. The author concludes that 
general anaesthesia is the method of choice for tonsillectomy in adults. This 
is particularly interesting when it is remembered that very recently' in this 
stronghold of generad anaesthesia, in the section of Anaesthetics at the Royal 
Society of Medicine, local anaesthesia was advocated for tonsillectomy in 
adults on the ver}'^ grounds that this author advocates general anaesthesia : 

Less danger. 

Fewer complications. 

Less anxiet}’' to patient and surgeon. 

Less post-operative pain. G. H. Batejian. 
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Cases of Familial (Esophagus Stricture. Sigfrid Aberg. Acta Oto-Lafy^^~ 
gologica, May ist-June 30th, 1945, xxxiii. 

The author was able to examine members of three generations of one far^^ily 
in which cases of simple stricture of the oesophagus occurred. The symptP^s 
were similar in all cases and the three subjected to cesophagoscopy sho*'^ed 
similar simple strictures. In all cases the symptoms appeared around the 
of forty. There seems no doubt that these strictures were due to a congenital 
lesion. 

No other cases of similar familial strictures can be found in the examinarion 
of the literature. 

G. H. Bateman* 


MISCELLANEOUS. 

Osteomyelitis Necroticans Faciei. Helmer Rasmussen. Acta Oto-Laiy^^~ 
gologica. May ist-June 30th, 1945, xxxiii. 

Two .cases are reported both of which terminated fatally. Thirty-tpi"®® 
similar cases have also been collected from the literature. The author can /md 
no cause for the lesion and histological examination showed simple granularion 
tissue. ^ He considers this to be a disease sui generis. , 

. G. H. Batejiaj^- 

Complications in the- Ear, Nose and Throat in 'Infectious Mononucled^^^- 
Elmar Berg. Acta Oto^Laryngologica, September ist-Decembcr 31st, 
1945, xxxiii. 

The case histories of 550 patients suffering from infectious mononucleosis 
'NWfc tssaswmfcti anii Vi xvas Vnat suSieTeA tat, 'Koaa 
complications. 

As a result of this investigation it appears that the lymphoid tissue in 
upper respiratory tract is damaged by the. original disease and thus 
susceptible to secondary infections. 

The authors suggest that local prophylactic treatment should be institi^l^^ 
to the upper respiratory tract but that the incidence of the complications is 
spread over so long a time that general chemotherapy is not indicated. 

G. H. Bateman’- 
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CONTRIBUTIONS TO FUNCTIONAL 
PATHOLOGY— IV. 

CLINICAL' NOTES ON PROGRESSIVE CONGENITAL 
DEAFNESS 

By F, KOBRAK (London) 

Followjkg PoUtzer's description of otosclerosis and llanasse’s of pro- 
gressive cochlear deafness as two separate pathological-anatomical 
entities, otology of the first decades of the century referred the anatomical 
differentiation more or less to the associated clinical phenomena Manasse 
however shook the duahstic conception of the two types by his own 
research work, in the early ’20s. Manasse found, on the one hand, 
cases in which one ear showed histologically typical nervous degeneration, 
the other otosclerotic osseous changes. He found, on the other hand, 
that.otosclerotic osseous changes need not be localized only loco typico 
round the oval wndow but can be dispersed over wder areas of the 
petrous bone. This was confirmed by Crowe and others It was 
A. Gray (1934) who first 'stressed the pathological-anatomical point that 
primary cochlear degeneration is of essential significance wth otosclerosis 
[vide Appendix A]. A further advance is marked by Lange's findings 
(Zeii. Hals. etc. Heilk. 25, i, 1930), that not only fully developed stages 
but also pre-stages of otosclerotic changes are essential in the genesis of 
otosclerosis. This was further followed up, especially with regard to the 
blue mantles of the vessels, by M. Weber upon microscopic studies with 
polarized light. 

The extension to, even most frequent localization of, otosclerotic 
changes and pre-otosclerotic stages round the semicircular canals 
(M. Weber) seems to explain the not infrequent occurrence of vertigo 
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with , otosclerosis. It explains furthermore the writer's observations' 
on a fairlj' large scale that objective signs of vestibular participation in 
otosclerosis are, to say the least, frequently encountered [Record I on 
vestibular signs with otosclerosis and with progressive cochlear deafness], 

Otosclerotic osseous changes were discussed as a sign of premature 
senescence ( — ^interpreted on a similar line by Siebenmann some 40. 
5fears ago ! — ),by - 0 . Slayer, SI, Sleyer, and F. R. Nager (1933). Only, 
as SI. SVeber puts it, “ when the small vessels are growing narrow, even 
obliterating ", — normally with older people — ," signs of activit}'^ are . 
found round the vessels characterized bj’ specific structural changes ”, 
The following conclusion is justified : otosclerotic changes of normal, 
or abnormal^ premature, senescence, which’involve ischsemia in the bone, 
are unlikelj^ to leave the blood suppl}' in the receptory organ unaltered. 
We should therefore expect ischamic cochlear degeneration already with 
the earliest and even pre-stages of otosclerosis, and w'e could regard 
Gra3’-’s primary cochlear degeneration as pseudo-primary. 

Genetics. The factor of secondarj'^ ischaemic changes in the organ of 
Corti upon primary otosclerotic changes is not onty a problem concerning 
the individual case. It becomes also a problem of genetic significance, 
as soon as ischaemic changes become a permanent factor by “ mutation ” 
a pathological gene of diminished resistance. That the latter is the real 
cause of progressive cochlear deafness, conspicuous at least in a majority 
of cases, is not infrequent!}" shown with progressive deafness W'hich 
.originates from, e.g., an influenza quite innocuous to the internal ear of 
most people, or by a family case with mother’s cochlear deafness following 
diabetes in the early 50’s and daughter’s deafness following diphtheria 
(without otitis media), at the age of 13. 

Tw’O forms of “ Primordial Otosclerosis " are suggested : 

1. Otosclerotic osseous changes without secondary lesion of the 
organ of Corti. 

2. j\Iixed forms of otosclerotic osseous changes and cochlear degen- 
eration. 

Three ideal t}"pes of genetic purity — or rather, at most, of pseudo- 
purity — emerge out of the primordial form (2) by genetic splitting up 
("Aufspaltung ’’, Mendelism), namely : 

(2a)=(t). Otosclerosis — apparently — free from cochlear' involve- 
ment, 

{2b) : classical progressive cochlear deafness where — so far ! — no 
otosclerotic or pre-otosclerotic osseous changes have been noted, 

(2c) : progressive cochlear deafness, where otosclerotic osseous 
changes are suspected upon objectively abnormal vestibular beha-viour 
\yide Record I], 

The Primordial form (2) and the sphtting up of the primordial form 

50 



Contributions to Punctional Pathology — IV - 

would prowde a fairly satisfactory explanation for two stdl unsolved, 
clinical problems 

(A) Familial differences m the types of congenital deafness with 
mother and child, occasionally beyond any doubt encountered [Record 
11 ] 

(B) Differences between right and left ear in the same mdindual 
[Record III] 

With regard to vestibular changes in otosclerosis, it is of genetic 
significance that typical attacks of vestibular vertigo are found in the 
family history of otosclerotics, more frequently than would be expected 
in an unselected cross section of non otosclerotic cases [Record n”] 

Applied Physiology The different behanour of the so-called bone 
conduction plays an important part in the discnmination between the 
two types of progressive congenital deafness Only the former examina- 
tion by tuning forks, less accurate as a test of auditory sensitmtr 
{J Laryng and Otol , hx, 5) than audiometry, allows a smooth diagnosis 
and avoids conflicts of differential diagnosis The diagnosis by tuning 
fork tests, with Schwabach and Rinne negative, reading " cochlear 
deafness with middle ear catarrh ”, is certainly WTong when there is 
not the slightest sign of any middle ear catarrh Cases of " middle 
ear inefficiency ”, or dys efficiency, desenbed by the wnter {Practica 
Otolaryngol, 1938, I, 5), are concerned here 

With reference to the negative Rinne m cases of cochlear deafness 
we have to consider that, apart from anatomical, eg. otosclerotic 
ankylostapedial changes at the middle ear osfroankylotic stapedial 
otosclerosis with "'morphological negative Rinne ”, the negative Kinne 
can be caused by physiological changes of the middle ear The latter 
are, with high probabihty, abnormal activities of the tympanic muscles 
spasiiwankylotic stapedial otosclerosis wuth " physiological negatii’e 
Rinne ” The magnitude of the physiological negative Rinne cannot 
be exactly distinguished from that of the " total ' (physiological + 
morphological) negative Rinne, but it can be approximately estimated 
by' companng fork steppage tests and audiometnc Rinne figures, such 
as wnter suggested (J Laryng and Otol , 1940, Iv, 9) and has confirmed 
by companson with recent cases In any case, as long as there is no 
gross ossification at the oval window, the physiological rate of the " total ' 
negative Rinne is important The possibly high extent of abnormal 
activities in the tympamc muscles, associated with physiological 
negative Rinne in otosclerosis, is explamed in Appendix D (2) The 
conditions of the phy'siological negative Rinne were illustrated as actm- 
ties of the tympanic muscles by referring the figures of the onginal 
Rinne to those of the provocative Rinne {J Laryng and Olol , hx, 9, 
Note 7) Records Va and Vb are examples of a pure phy'siological 
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negative Rinne in cochlear deafness, and of physiological negative 
Rinne traceable in its superposition on morphological changes with 
otosclerosis. 

In particular, from the ch'nical point of view, we have to bear in 
mind : 

The b^is of the ph 3 ’’siologicaI negative Rinne, that is, the abnormal 
actirdties of the tj-mpanic muscles are a phenomenon common to 
both main t}'pes of congenital deafness. 

Symptomatology. The di^dsion of pathogenetic from contributor}'' 
factors which may be called " nosoplastic ” is suggested 'wdth due regard 
to the combined, but not basicall}' interdependent, occurence of patho- 
genetic and nosoplastic conditions. The di\dsion is suggested not only 
for scientific reasons, but for practical purpose : “ Nosoplastic ’’ con- 
■ditions are to some degree remediable,* pathogenetic are not. The 
morphological, — pathogenetic — , factors are specific ivith regard to 
congenital deafness, thej' are the specific hereditarj' "genes ”, morpho- 
logicall}’ unalterable (e.xcept by genetic “ mutation ”). The physio- 
logical and psj'chological — nosoplastic — factors however are not intrinsi- 
caU}'’ specific udth regard to congenital deafness, they often are also 
hereditar}^, but the}' are variable. Part of the physiological factors is 
en\dronmental, e.g., dimate, food, occupation. • Several authors have 
tried to produce otosclerotic osseous changes in animal experiments, 
e.g., by keeping the animal under subnormal or supernormal doses of 
vitamins : the osseous changes are simOar to otosclerosis, but not really 
comparable on histological examination. E%ddently, vitamin abnormal- 
ities, like metabolistic abnormaUties, can play a contributor}' role as a 
nosoplastic factor, but they fail to produce specific pathogenetic changes, 
they are imable to produce the indispensable factor of pathogenetic 
constitution, which is due to pathological “ mutation ”. 

Even symptoms which the otologist regards as significant for the 
diagnosis of otosclerosis, such as ample w'axless meatus, abnormal patency 
of the Eustachian tube, are specific though they be only nosoplastic, 
but not pathogenetic, even if the idea of local interrelation between 
calcium and fat metabohsm were to be adopted. 

One nosoplastic factor is of outstanding significance : the* associated 
reflex activities of the t}’mpanic muscles. They are suspected of being 
closely related to the phenomenon, that the stage of clinical manifestation 
is on the average connected with a percentage of decibel loss which is 
definitely less with progressive cochlear deafness than ■vdth otosclerosis 
\yide Record XI, table I, and Appendix B\ 

The nosoplastic factor of the actmties of the t}Tnpanic muscles can 
become of special importance with reference to the t07ius in the t}-mpanic 
jnnscles. The basic features of this tonus are as follows : 

The reflex actmties of the t}’mpanic muscles are on the one hand 

52 



Contributions to Functional Pathology — IV 

'dependent on -the normal or pathological stimulation of the Vlllth 
nerve, which is associated \vith the absence or presence of " specific ” 
pathogenetic factors in the nervous tissue ; they are also affected by an 
individual excitability which is " unspecific ” and, so, not necessarily 
connected with the genetic conditions of progressive congenital deafness. 
This individual excitability is the effect of dastc tonus conditions, of ; 

(a) vestibulo-tonus, 

(b) vago-tonus, 

(c) psycho-tonus. 

(a) The vestibular tonus of the tympanic muscles is common to, 
but must be different in, the two main forms of progressive congenital 
deafness. The difference is due to the fact that the vestibular changes 
are more frequent and greater in otosclerosis than in progressive cochlear 
deafness {Record Ij. 

(b) The individual vago-tonus is variable, and independent of the' 
specific changes of the cochlear nerve, just as the knee jerk varies without 
any central lesion. 

Apart from such vagotonic influences which are quite independent 
of otosclerotic conditions, some vagotonic influences are more or less 
associated with ' certain basic factors of metabolism {calcium, phos- 
phorus), which are very near to, or possibly even overlap, the zone of 
specific influence of general otosclerotic conditions, and. so, often seem 
to play not only clinically, a' contributory, but a striking part in the 
manifesfafion of ofoscierosfs (pregnancy). 

(c) The psycho-tonus (auditory concentration and attention), of 
course, overlaps at least with (b) owing to the common relationship to 
the endocrine system. There are two different psychic types of 
otosclerosis, the torpid and the erratic irritable type {Beitr. Anal. Physiol, 
etc. Ohr. 1924, XX). In the torpid type the disease takes a more even 
course, whereas the course of the erratic type seems to be more variable, 
obviously more exposed to spasmophile (vagotonic) conditions. 


Mixed Pathogenetic — Nosoplastio Factors 
(A) The Pathogenetic Part of Nosoplastio Factors. 

Minor disturbance of the tympanic muscular reflex plays only a 
contributory role in abnormal hearing. But, when, either by highly 
abnormal irritability of the Vlllth nerve or when by hypemormal 
basic tonus, spastic muscular activities are caused, the muscular reflex 
becomes a factor of importance, for example in patients of the " spasmo- 
phUe " vagotonic constitution. Then, labyrinthine pressure is enhanced 
{Roy. Soc. Med. Sect. Otol., March, 1942). The latter evokes a fresh 
irritation in the receptory organ. This involves new muscular spasm. 

53 



F. Kobrak 


The ite>c'02is vicious circle ” is closed \yide “ periostal %’icious circle ” 
sub Appendix Dl.^^ 

(B) The Kosoplcistic Pari of Pathogenetic Factors. 

It depends on the site at which the nerv^ous or osseous changes come 
about. The site is to some degree a matter of chance and not subject to 
rigid genetic laws. Thus, osseous otosclerotic and nervous cochlear 
changes, as far as they are not pre-destined by conditions of locallj^ 
different sensiti^^t5’ (/. Laryng. and Otol., 1944, lix, 9), are apt to produce. 

Difierent Types of Otosclerosis or Piogressive Cochlear Deafness. 

Apart from classical otosclerotic changes at the stapes (ankjdo- 
stapedial classical otosclerosis— “ cl. o.”) and from changes around the 
semicircular canals, osseous changes can be located around the cochlea. 
The latter produce, in the one hand, according to higher vulnerability 
*of individual sites of the organ of Corti, as shoum in the former paper, 
general 'cochlear signs of otosclerosis (" cochlear otosclerosis ” = " c.o.”) ; 
on the other hand, osseous changes can be considered as situated near the 
high medium, or low scale of the cochlea, or affecting these areas by 
interference vdth the blood suppty concerned. Then, they are able to 
cause “basal cochlear otosclerosis’’ b.c.o.” woth high tone deafness, 
“ mid cochlear otosclerosis ’’ =‘‘ m.c.o.” vith middle tone deafness, and 
“apical cochlear otosclerosis a.c.o.” with low tone deafness, all of 
which are more circumscribed t3'pes agafnst the unqualified " c.o.” just 
mentioned above.f 

Such a classification, originating from pathological-anatomical con- 
siderations and partly backed b}’’ histological examinations already 
done (Crowe and others), in common with the main forms of progressive 
cochlear deafness, pro\-ides a basis for prognosis in the “ order of con- 
genital types ’’ [vide Record XI, table 1 .] 

Each sub-t5q)e of cochlear otosclerosis should show a characteristic 
cuiwe of loss of air conduction. 

The apical cochlear otosclerosis (a.c.o.), which should be associated 
■with low scale deafness, is to some degree distinguished from classical 
otosclerosis when losses in bone conduction are present. \^ithout such 
losses the case can be diagnosed onl}' as suggestive of apical cochlear 
otosclerosis [Record VI B (i-'vi)]. 

The mid cochlear otosclerosis (m.c.o.) shows low'ering of the middle 

* The closely co-operating pathogenetic and nosoplastic factors cannot be disentangled. 
Genuinelv, the 'fresh nervous irritation, followang labvTinthine pressure in the \icious 
circle is not patho — " genetic’’, but its physiological parallelism with true pathogenetic 
conditions justifies the terminological inaccuracj 

■=■ The terms " basal ", " mid ”, " apical ” do not mean established histological lesions 
but 'rather climcal changes which, upon a working hypothesis, are referred to the rc^pectiv’c 
parts of the organ of Corti On the other- hand, it is possible that the clinical types eM=t 
without strict reference to specific lesions in the organ of Corti 
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part of the air curve around 1024, often extended to 512, rarely to 2048, 
the area of highest sensitivity and susceptibility, according to writer’s 
discussions in previous contnbutions The mid cochlear otosclerosis is 
not infrequent, but apparently not much different from unqualified 
cochlear otosclerosis Only m relatively few cases is it associated with 
lowenng of the bone conduction curve However, even the separate 
analysis of these few cases of mid cochlear otosclerosis did not show a 
specific behaviour, compared with unqualified cochlear otosclerosis, on 
the “ order of congenital types ” 

The unqualified cochlear otosclerosis is characterized either by 
individual air and bone conduction dips, usually at 1024 or 4096, and/or 
b)! negative Schwabach ad least with one fork test, and/or by a fairly 
horizontal air conduction curve, with negative Rinne 

Intermediate between classical otosclerosis and (unqualified) cochlear 
otosclerosis seems to be the ordinary non-classtcal otosclerosis [n cl 0 ) 
It IS charactenzed by a more or less honzontal audiometnc air curve, 
by a relatively high average Rinne (figures of all pitches available 
summed up and divided by the number of pitches), and by no obvious 
negative Schwabach For special reasons [Appendix B, especially 111, 
iv] it resembles more cochlear otosclerosis than classical otosclerosis, and 
it IS also m the " order of congenital types ” more closely related to 
cochlear otosclerosis than to classical otosclerosis [Record XI, table I] 
The iasal cochlear otosclerosis is the most remarkable type of cochlear 
otosclerosis It is charactenzed by negative Rinne over all, or nearly 
all, the scale, and especially by a greater decibel loss for air conduction, 
and mostly also for bone conduction, on the higher than on the lower 
scale [Record VII , Appendix C] 36% out of 157 otosclerotic ears 
were of basal cochlear type The importance of basal cochlear otosclerosis 
IS the more evident as classical otosclerosis could be chmcally identified 
only m 25% of our cases Basal cochlear otosclerosis was present m 
several cases in which, according to the air conduction curve, congenital 
cochlear deafness was diagnosed by the first examiner 

The division of cases of progressive cochlear deafness is analogous 
The great majority of 67%, amongst in tolo 62 ears, is of basal cochlear 
deafness type =" bed", 27% without definite localization cochlear 
deafness =" c d ” , 4 ears of 2 patients are of apical cochlear deafness 
type='‘ a cd" [Record VI A, re/" a c d ’’] 

Amongst the otosclerosis cases a great majority shows, more or less, 
changes with vestibular tests The percentage is high and noteworthy 
Much lower is the percentage of vestibular signs m cases of progressive 
cochlear deafness [Record I] If the genetic hypothesis comes near to 
the truth that progressive cochlear deafness is a descendant of “ Pnm- 
ordial otosclerosis " (which seems to be so far only tacitly admitted, 
but not explained by regarding otosclerosis and progressive cochlear 
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deafness as varieties of the same condition), then, the occurrence of quite 
a number of vestibular changes vdth progressive cochlear deafness is 
sensible, and even corroborative of the hj'pothesis of otosclerosis as the 
primordial form of progressive congenital deafness. 

As a matter of fact, the important vestibular part of otosclerosis 


Diagram (i) of the different types of otosclerosis, with reference to audiometric curve 

and to bone conduction 
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must be graded vith the mixed nosoplastic-pathogenetic factors in regard 
of vestibular influence on t5Tnpanic muscular acti\’ities. And, vestibular 
sjnnptoms are, like tiimitus, purety nosoplastic by giving the whole 
picture of disease some uncomfortable varieties. 

Diagnosis. Diagnosis of congenital deafness must be based on both 
audiometr}'^ and tuning fork tests. The fathers of otology founded the 
criteria of diagnosis on tuning fork tests. We should be cautious in 
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correlating automatically tuning fork tests, such as Schwabach or Rinne, 
with the audiometnc findings, as there cannot be ascertained any satis- 
factory identity of corresponding tuning fork and audiometer tests 

In view of the diflerent physical physiological conditions playing a pact it is no wonder 
that occasionally e g differences even between tuning fork and audiometer Schwabach 
tests were encountered The dilemma arising out of the differences between tuning fork 
and audiometnc air curves is discussed m Appendix C iii 

Auditory Diagnosis of Congenital deafness depends on the division of 
otosclerosis, and progressive cochlear deafness in fhe types classical 
otosclerosis, non classical otosclerosis, cochlear otosclerosis, basal cochlear 
otosclerosis, cochlear deafness, basal cochlear deafness [vide diagram i] 
The differential diagnosis depends on routine audiometry and tuning 
fork tests, and applies to fully established cases of deafness The 
detection however of the earliest stage of deafness, — or even of the 
potentiality of deafness — in apparently normal members of families m 
which hereditary deafness has occurred, was impossible by using only the 
customary audiometnc or tuning fork tests 

A few sets of such family examination have been available m cases 
suggestive of heredity Abnormalities, missing mth the customary 
tests, were found however by using the steppage tests (decay period 
heanng) and by using the audiometnc provocative test [Record VIII] 

Preliminary results only on a small scale were so far available owing to the ^'^ar 
conditions For the latter reason it was impossible what seems to be a postulate of first 
order to perform m each suggestive family case not only detailed auditory but also 
vestibular tests 

VestibuIaiS. Diagnosis of Congenital Deafness 

The vestibular tests, using the “ minimal calonc tests *’ can easily 
be done in any consulting room Apart from exceptional cases, the 
response to cold water only^is needed, and registered, with regard to 
intensity of nystagmus, every 30 beronds, as described m a former paper 
{J Laryiig and Otol , 1943, Iviii, p 167) Simultaneously the factor of 
directional nystagmus susceptibility (directional Nystagmus Bereitschaft — 
Hallpike’s directional preponderance) is directly observed, without any 
warm calonzation [Record IX] 

X-ray diagnosis proved to be useful in establishing an uncertain 
diagnosis 

The otologist should use the incurable case as a fulcrum for early 
diagnosis of so far latent deafness S3^tematic investigations and 
examinations of the patient's next of km should become a routine pro 
cedure of diagnosis and not only a matter of occasional scientific research 
work 

Prognosis Prognosis is based on individual and familial diagnosis 

The prognosis, upon familial diagnosis, depends partly on a factor 
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which was stressed by Curtius in cases of hereditary ner\'ous diseases, 
especially of sclerosis disseminata ; the intensity of a degenerative 
nen'ous lesion is higher, when hereditary nervous abnormalities, even 
of different kind and on a minor scale, are present both on paternal and 
maternal side than vdth onty one parental side affected.' The power 
of manifestation — " penetrance ” — of progressive congenital deafness 
differs according to the two alternatives. 

The prognosis, upon individual diagnosis, depends amongst other 
conditions on the qverage scale of deafness of the individual t3'pes of 
progressive congenital deafness [demonstrated on Tables of Prognosis, 
Record XI]. The figures were taken out of a relatively large number 
of unselected cases of congenital deafness, and are based on the “ audio- 
metric index of deafness ” and on the factor of " en bloc ” capacity of 
hearing, both explained in former papers. The index of deafness, from 
which the consideration of en bloc capacit}’’ originated, pro\’ides not only 
a rough estimate of the individual case, but also an easj' survej’- of a 
great number of indi^ddual cases the quantitative inter-relations of which 
cannot be calculated from audiograms. " En bloc ” capacit}’- and 
audiometric index of deafness are regarded as Key-nieiltods which enable 
us to compare easity different stages and types of progressive congenital 
deafness' on one common line, especiallj’' useful with regard to prognosis. 

The diagram (2) reproduces a short survej' of the figures of Record 
XI, table I, which are calculated upon the audiometric index of deafness. 
The diagram illustrates the “ Order of Congenital types ” of deafness, 
with special reference to prognosis. (3) shows with the different types 
the average magnitude of decibel loss, which ascends in a specific sequence. 

Diagra.'M (2) : The “ Order of Congenital Types ” with special reference to prognosis, 
increasing in severity from left to right. 
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Prognosis concerns social, occupational, and {amilial outlook These 
are a matter for practical organization on a broader line of social hygiene 
and eugenics They can be outlined here, only mth a few examples 
The choice of a child's profession might be much influenced by the 
existence of parental congenital deafness, if a boy, of practically normal 
heanng with routine hearing tests, is shoun by the special tests as a 
probable, or at least possible, victim of progressive deafness, especiallj 
if he should be exposed to acoustic strain or hardships m his work 
Another question we are sometimes asked, when the first child has 
shown definite signs of deaf-mutism, is about the prognosis of heanng 
with a second child The otologist’s activity need not be restncted to 
the individual differential diagnosis between congenital, ante-natally, 
or post-natally acquired deafness , it should also be devoted to otological 
pedigree investigations by registration of family history, and by special 
examinations of next of kin cases \vide Record VIII] 

Systematic research on social otology and otological hygiene with 
regard to prognosis of congenital deafness is a promising subject of 
practical otology 

Therapy The possibilities of medical therapy were discussed m 
Contribution No I {j I aryitg and Olol , 1943, hni, 11) Pessimism 
IS justified with regard to the unalterable pathogenetic factors which 
steer relentlessly the course of pre-dcstmation of the pathological genes 
The chance of treatment is restncted to the vanable nosoplastic factors 
The problem of improving the conditions of an individual, suffenng 
from, or menaced by, progressive congenital deafness is the remoial or 
avoidance of harmful environmental conditions, and/or m the w-nter s 
opinion, an attempt to cut, or at least to moderate the ncious circle 
maintained by spastic activities in the tympanic muscles which applies 
both to otosclerosis and to progressive cochlear deafness for the nen ous 
vicious circle ” and alone to otosclerosis for the “ periostal ncious circle 
[vide chapter on symptomatology (A)] 

The otologist’s help in cases of progressive congenital deafness is 
to face the impossibility of improving pathogenetic factors and to do 
all he can to avoid detenorating nosoplastic influences This pro 
pbylaxis applies to noxious factors of the working life, to careful avoid- 
ance of poisons- (e g , Nicotin) or drugs (e g , Salicylate Aspirin) 
Furthermore, those well known cases, m which relatively slight colds 
or attacks of influenza are followed by an onset of hearing loss have 
taught us that the slightest residue of acute involvements with the 
middle or internal ear are worth treating by all means available In 
cases of otitis interna following fever diseases an attempt should be made 
to improve the conditions by hypodermic protein injections the effect 
of which was not generally appreciated many years ago The wnter 
IS well aware of the hopelessness of influencing directly a degenerative 
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nervous process following a fever disease. But the release of inflam- 
mator}^ e.g., perineural, foci is quite different : the attempt to relieve a 
congenitally vulnerable nerve from noxious conditions of the vicinity. 
The VTiter’s favourable experiences in inflammatory cases with protein 
injections encourage him -to recommend this method, when properly 
’appUed, harmless, in a situation where no other medical therapy seems 
to be of avail. 

The possibility of surgical therapy — method of fenestration — seems, 
in the writer’s rdew, still to be problematic (/. Laryng. and OfoL, 1943, 
Iviii, ii). However, another line of surgical therap}'^ is suggested. 
It stands or falls with the adoption or denial of the principle of vicious 
circle caused by tympanic, muscular hyperactivities, especially of 
" periostal vicious circle ” [vide Appendix D]. The tenotom5'' of tensor 
tjmpani, recommended during the early days of otolog}?^ against 
" sclerosis ” (Troltzsch), for reasons now obsolete, could possibty be 
revived jvith the new perspective of cutting a part, in particular the 
" periostal ” part of the rdcious circles, and, so, of moderating the harmful 
effect of the vicious circle. Cases of otosclerosis, and perhaps of pro- 
gressive cochlear deafness, are envisaged, if selected upon special 
indications. 

Another surgical procedure, following similar physiological lines, is 
under consideration. 


Conclusions 

The preliminary notes of the paper, based on a fairly large material of progressive 
congenital deafness, need confirmation on an even larger scale. The preliminary 
conclusions are as follows : — 

1. Otosclerosis is considered from the vietvpoint of a primordial 
form of progressive congenital deafness. There seem to be three geneti- 
cally distinguished forms of progressive congenital deafness the descend- 
ants of the primary " Primordial Otosclerosis ” : osseous otosclerosis, 
progressive cochlear deafness, and a compound of otosclerosis ultli 
progressive cochlear deafness. 

The well knovm perivascular otosclerotic osseous changes are regarded 
as the cause of ischtemic lesions in the organ of Corti. This occurs on 
the one hand in the individual case ; it becomes on the other hand of ' 
genetic importance vdth mutation. The resulting eventualities of 
genetic splitting up provide a genetic explanation of the mostly accepted 
view that otosclerosis and progressive cochlear deafness are varieties of 
the same condition. 

2. . The diagnostic significance of vestibular signs in progressive 
congenital deafness depends on the detection of changes in' the " mute 
area ” of the petrous bone, and, so, of conditions suggestive of latent 
congenital deafness. Vestibular tests are therefore regarded as an 

60 



Contributions to Functional Pathology — IV 

indispensable part of functional tests for progressive congenital deafness, 
especially for early diagnosis 

3 Detailed vestibular and some new auditory tests indicated 
changes in progressive congenital deafness which are common to both 
otosclerosis and progressive cochlear deafness and make the whole 
clinical picture of progressive congenital deafness more intricate than 
it seemed to be when based only on the old routine auditory tests Thus 
a certain confusion and diagnostic deadlock arose, m the field of clinical 
otology, analogous to a certain pathological-anatomical confusion due 
to advancing histological research on changes in progressive congenital 
deafness which, like the clinical findings, are also common to both 
otosclerosis and progressive cochlear deainess However, the histo 
logical observations compared with our new clinical findings by combined 
detailed functional tests seem to corroborate each other a clue to the 
clarification of the cloudy diagnostic situation is suggested upon laws 
of genetics [vide conclusion i] 

4 According to our clinical observations, the old classical form of 
predominantly ankylostapedial otosclerosis is less frequent than other 
forms of otosclerosis in which ankylostapedial signs are not predominant 
or not even detectable The manifest form or some concealed forms 
of " basal cochlear otosclerosis ’ are of importance These clinical 
conclusions are much in accordance with pathological anatomical 
findings of other authors 

5 The therapeutic approach to prophylaxis is the same for the dn erse 
clinical forms of progressive congenital deafness, less for their genetical 
identity than for the reason that therapy and prophylaxis can so far 
be directed only against a secondary abnormality which is obviously 
common both to clinical otosclerosis and progressive cochlear deafness 
by combating abnormal activities in the tympanic muscles 

6 Progressive congenital deafness shows several types of behaviour 
of prognostic importance These can be graded m an Order of con- 
genital types ’ of deafness The locus of the individual type of congenital 
deafness m this order seems to reveal some clinical qualities especially with 
a prognostic view of seventy 

7 Progressive congenital deafness, the step child of therapy must 
become the interest of otological hygiene of defective hearing and the 
subject of otological practice and social welfare on a scientific basis 

Appendix 

A Albert Gray (/ Laryng and Otol , 1934), found with otosclerosis 
a degenerative change of the cochlear nervous fibres, first in the medullary 
sheath, then m the neunlemma finally m the axis cyhnder This process 
is independent of the fixation of the stapes (or of the changes in the 
labyrmthme capsule, and is hkely to precede both) 

61 



F. Kobrak 

The words in brackets are not in accordance with the wTiter’s view'. 

B. Degree of manifestation of progressive cochlear deafness. 

The degree of clinical manifestation is on the average connected with, 
^as said in the main text, but not ahva5'S proportional to, a percentage of 
decibel loss. The minimum rate of decibel loss associated W'ith defective 
hearing is definite!}' less w'ith progressive cochlear deafness than with 
otosclerosis [inde diagram (3) and the figures re/40% db loss on tabular I, 
Record XI]. If only the basic morphological pathogenetic factors — 
the osseous and the cochlear nervous changes — were pertinent, then a 
loss of hearing should be expected proportional to the morphological 
changes of otosclerosis or progressive cochlear deafness respectively. 

The argument that the difference in clinical manifestation is due to an 
earlier manifestation of congenital cochlear nervous than of middle ear 
changes does not correspond with our experiences on middle ear or 
internal ear changes in general. The opposite, rather, seems to be 
• correct. And, as discussed in the paper, just internal ear conditions 
play an essential part in beginning otosclerosis, and not so much pure 
middle ear — ankylostapedial — factors. 

The relatively early manifestation of progressive cochlear deafness 
can, however, be related to the higher variability in response of the 
tympanic muscles to the nervous stimuli with progressive cochlear 
deafness than to the less fluctuating conditions with otosclerosis when 
additionally the periostal vicious circle is in operation. With otosclerosis, 
unless there is already osseous stapesfixation, the competition of two 
stimuli, the osso-periostal and often the cochlear nervous stimulus, is 
apt not only to intensify but to stabilize to some degree the hypernormal 
muscular contraction. As discussed in a former paper {/. Laryng. and 
OtoL, Iviii, II ; lix, 5), fluctuation of hearing capacity produces a 
greater consciousness of deafness than stabilized defective hearing on 
the same level of decibel loss': there is lack of “ compensation ” due to 
missing stabilization in cases of progressive cochlear deafness. And, so, 
the larger fluctuating muscular interference with progressive cochlear 
deafness is more easily manifest than in the relatively stabilized conditions 
W'ith otosclerosis. 

C. Discussion on different types of congenital deafness and inter- 
pretation of audionietric air conduction curves. 

Amongst 67 ears of b.c.o., 9 more definitely than another 2 are 
suggestive of coincidence wth classical (osseo-ankylotic stapedial) 
otosclerosis, some ears are dubious, but 46 out of 67 show no preponder- 
ance of clinical signs of ankylostapedial otosclerosis. 6% of c.o. cases 
are suggestive of a.c.o. ; they cannot be definitely established owing to 
their low' scale partly similar to classical otosclerosis. Only 18% could 
be diagnosed as purely classical otosclerosis ; additional 7% cases of 
b.c.o. W'ith coincident signs of classical otosclerosis, as mentioned just 
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aboi e, make the surpnsingly low percentage of 25% of classical otoscler- 
osis upon the anal3sis of combined audiometnc and tuning fork tests 
On histological p m s, JI tt^eber found 31% ossification round the stapes, 
agamst 6g% otosclcrotic changes in the petrous bone without stapes 
ank} losis 

The following objections coidd be raised 

C (1) It cannot be ascertained what percentage of M Webers 
p m cases of otosclerosis without osseous stapesankjdosis had defectn e 
hearmg dunng their life time In anj case it is not logical to compare 
an anatomical with 'a ph3'siological asjiect of a problem, much the less 
adnsable as. m our case, the parallelism between anatomical and phjsio- 
logical changes is the ier3’ point which is to be proved 

C (11) It could be objected that more of my cases than identified 
bj’ clinical diagnosis were cases of osseo ankylotic stapedial otosclerosis 
that some of the c o type (without qualified distinction on low or high 
scale, iide diagram (i)), charactenzed by a fairty honzontal air conduction 
cun e, are a combination of low scale classical otosclerosis and high scale 
basal cochlear otosclerosis (b c o ) with decreasing and increasing db 
loss tow ards the high scale respectiv elj This can be fairlj' disapprov ed 

the curves of the few bco which showed also low scale deafness (as 
mentioned above, g defimtelj', 2 possiblj' amongst 67 bco) arc quite 
different, thej' are marked by a 2 or 3 octaves interval of better heanng 
at the medium scale between the most defective low and high scale part 
of the cun e Checking of cUnical with p m histological findings is 

needed 

The not infrequent fairlj straight horizontal curve 

C (ill) Langenbeck said (Zatschr H N 0 Heilk 1936, report on 
International Congress) that the classical air conduction curve e g , of 
middle ear lesion, obtamed by the onginal auditoiy test with tuning 
forks looks different when the fienod figures of heanng sensation and their 
percentual rates of normal are calculated as corresponding figures of 
intensity with reference to audiometry The tunmg fork curve ongmally 
ascending from low to high, with middle-ear lesion, becomes a fairly 
straight honzontal curv e of intensitj figures This w ould mean nothing 
other than to regard the audiometnc honzontal air conduction curve 
as a correlate of the classical middle ear curv e with tuning fork tests 
Our audiometnc air curves of stapesankylosis (iS%), ascending from 
low to high scale, would then be outstanding evamples of middle-ear 
abnormality, of stapesankj’losis compared with the slight cases which 
show only an honzontal line with audiometry 
Further comment to the horizontal curve 

C (iv) For the sake of simplification, the following imphcations of 
pitch specific conditions, with (unqualified) cochlear otosclerosis c 0 , 
are not mentioned m the mam te\t It is not correct to saj the low 
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pitch-specific and the high-pitch-specific physiological negative Rinne, 
or rather their correlates of altered " bone conduction prove that this 
is an obstacle to air conducted tones which is proportional only to the 
pitch-specific physiological magnitude of the muscular reflex; apart 
from these physiological conditions, the effect of the pitch-specific 
obstacle is also subject to the ph3'sical law that any middle-ear obstacle, 
independent of its morphological or physiological origin, causes more 
loss of hearing \vith the low than %vith the high scale tones, ^^dlen, 
nevertheless, no definitely greater decibel loss is found wth low than 
with high pitched tones, shovui with the fairly horizontally straight air 
conduction cur\'e, then the air conduction obstacle (referred to reflex 
hyperactivities in the tympanic muscles and estimated b)^ figures of 
physiological negative Rinne) must be less with low pitched than with 
high pitched tones, and must originate from a relatively slighter cochlear 
irritation at the low than at the high scale. Consequently, the horizon- 
tally straight air conduction curve can be regarded as associated with 
minor cochlear lesion at low scale, major at high scale. These, however, 
are conditions of basal cochlear otosclerosis (b.c.o.). The horizontally 
straight air conduction 'curve hints, therefore, to less severe conditions 
of b.c.o. than the specific air conduction curve of b.c.o. descending from 
low to high scale. 

Comparing even non-classical otosclerosis with cochlear otosclerosis 
rather than with classical otosclerosis is for its clinical behaviour, 
indicated by its position in the " Order of the congenital types ” [Record 
XI, table I ; and diagram (r)], no paradox ; it is neither so far the 
considerable rate of phj'siological factors in the total negative Rinne, 
such as shown in Record V on physiological negative Rinne with otoscler- 
osis as indication of an abnormal cochlear irritability. 

As said in the chapter on diagnosis, it is quite misleading to refer 
mechanically diagnostic standards (shape of curves, Schwabach, Rinne), 
obtained by tuning fork tests, to principles of audiometry. Not only 
basic physical calculations bring about striking differences such as shown 
by Langenbeck, but also physiological differences dependent on whether 
a test of " efficiency ” is done (e.g., first period in decay period hearing 
with tuning fork steppage test), or of “ sensitivity ” (last period or 
rather ultimate threshold -with steppage tests) : in the steppage tests a 
t3^pical ascendent curve rrith first period can be associated with 
approximately horizontal curve obtained by ultimate threshold tests 
in one and the same case [for “ efficiency ”, " sensitivity ” videj. Laiyng. 
and OtoL, lix, 5 and lix, 9J. 

Conclusions reached on -some 300 cases of progressive congenital 
deafness (200 combined detailed tests reported in the paper, and another 
100 not tested on such a detailed scale) lead to the follorring interpreta- 
tion of the air conduction curves \vith otosclerosis : 
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1 The classical ascendent curve (m our matenal not more than 
23%) 'vith predominance of stapedialankylosis 

2 The horizontally fairly straight curve (in the relative majority 
of cases) 

(a) clinically much of nclo character (Schwabach "not” 
shortened, ivith lower tuning forks) 

(b) clinically much of c o character (Schwabach shortened) 

Both 2 (a) and (b) suggestive of b c o relationship 

3 The descendent air conduction curve (in 36% of our cases) 
clinically manifest basal cochlear otosclerosis 

C (v) According to (iv) it must be admitted, that not only cochlear 
otosclerosis but also non classical otosclerosis suggest basal cochlear 
features The fairly honzontally straighted air conduction curve ivith 
non classical otosclerosis (n cl o ) is nearly the same (yet sometimes a 
little ascending) as mth (unquahhed) cochlear otosclerosis (c 0 ) This 
would mean that n cl o is, similar to c o , more or less related to the 
group of basal cochlear otosclerosis (b c o ) Considenng that the 
difference between c o and n cl o (vide diagram (i) in chapter symptom 
atology] IS mostly the presence of some loss of bone conduction with c 0 
and the absence of bone conduction loss with n cl 0 , it must be taken 
into account that this difference in Schwabach figures is based on 
relatively low scale tests such as only available ivith tuning forks , on 
the other hand, the minor or minimum scale of shortened bone conduction 
ivith high scale audiometry, which is easily regarded as not quite con- 
clusive, might often be just as indicative ol slight lesions in the high 
scale as the tuning fork Schwabach tests wth low scale tones By 
adopting, however, this viewpoint the basal cochlear otosclerosis becomes 
the basic form of otoscleiosts, which is comprehensible in regard of the 
close vicinity of the " classical ’ penstapedial and the penbasal area 
But this pathological anatomical unification cannot antagonize the 
differentiation in the clintcal structure of progressive congenital deafness, 
which IS illustrated in table I, Record XI and shows some marked prog 
nostic differences between clo,nclo,co,bco. and especially a greater 
resemblance of n cl o to c o than to cl o 

D The penstapedial penostal factor — the periostal vicious circle 

A local factor, besides cochlear degenerative hyperirritability, plays 
an important part in the occurrence of hyperactivity in the tympanic 
muscles "if there are structural osseous changes or local metabolistic 
unrest" at the oval wmdoiv, near the surface but still not reaching the 
surface and still far from producing osseous ankylosis, it is quite 
plausible to e\pect a hyperirritability of the tympanic muscles 
closely situated to an area of structural and metabolistic unrest 

According to Gebhardt (quoted by Bruhl), the osseous changes ivith 
stapesankylosis are likely to be intensified by an effect of push and pull 
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force. The cartilage-covered plate of the stapes is fixed at the carti- 
laginous border of the oval wndow by tendon-like fascicles of connective 
tissue. Just at the anterior circumference of the stapes lies the musculus 
tensor tjunpani the teiidon of which passes along the cochleariform 
process to the malleus (cited b}^ Briihl, Beitr. Anat. Physiol. Ohr. etc., 1910). 
The contractions of the tensor tjonpani reflex cause a permanent unrest 
in the periost and in the bone between tendon and annular ligament of 
the stapes (Briihl). The vuiter’s conclusion is : On the one hand, the 
periostal unrest must be of greater magnitude when structural osseous 
changes occur or are about to occur such as -with otosclerosis. On the 
other hand, mutual influence between osseous or periostal unrest and 
muscular irritation is understandable. So, reversely, the normal irrita- 
tion and irritability of the musculus . tensor tympani becomes gradually 
a state of growung hyperirritability. A local vicious circle arises 
associated vdth acthdties of t5mipanic muscles : local periostal vicioits 
circle [vide reflex arch nervous vicious circle, chapter on s}Tnptomatology, 
section : mixed pathogenetic-nosoplastic factors]. 

Cochlear nervous (reflex arch) and tympanic muscular (periostal) 
h5'perirritability, both attributed to otosclerotic osseous changes in their ' 
respective vicinity, are probably able to produce signs of stapesankylosis 
which are only the effect of a muscular spastic rigidosis : " spasmo- 
ankylotic stapedial otosclerosis ”. 

Records and Comments 
Record I 

Vestibular signs and symptoms \vith Progressive Congenital Deafness. 

62 cases of otosclerosis, ig of progressive cochlear deafness were 
systematically subjected to the writer’s detailed vestibular tests, since 
beginning of January, 1943 up to end of February, 1944. Most 
noteworthy : 

H. Margaret, 32. Complaints of some unsteadiness, heavy noises in 
the head ; throbbing for hours after riding in bus, unlocalized "headache ’’ 

Vestibular Iests 

(1) January, 1943 : extreme hyper excitability 20' and 25° 5 c.c. ; gross Kyst., verj' sick. 

(2) March, 1943 ; definite normal excitability 20°, 25° 5 c.c., also 15° 10 c.c. Question 

of central lesion ? 

{3) May, 1943 : snb normal with 17° 5 c.c., 10 c.c., or 28° 10 c.c. 

(4) August, 1943 : less subnormal. 

Auditory Tests 

(1) Januarj-, 1943 : " Auditory index " Right 12, Left 10 ; {8192) right 4-4, left +10. 

Provocative Rinne negative (normal). 

(2) March, 1943 : Index Right iS, Left 17. 

(3) May, 1943 : Index Right 17, Left 21. 

■ (4) .Au^st, 1943; Index Right 30, Left 24: provocative Rinne right -i-io, left -i 
(right abnormal). 
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Comment toJindings of August, 1943 

This IS a significant case of direct observation of directional nj stagmus susceptibility 
(to right) Suspicion of insidious central lesion ( vide Slarch) was dropped Directional 
Nystagmus susceptibility, dunng last months frequently noted mth otosclerosis, became 
suggestive of otosclerosis also m this case 
{5) February, 1944 . no vestibular tests 

Auditory Tests 

Aud om Index: Right 14^, Left 19J. Provocative Rinne • Vight +6^, left —3 


Mid/End Nystagmus Test 
21® 10 c c 
il/td position 



Right ear 
20/25* first 

response 

Left ear 




60* 


no 




90* 


response 




120* + 





Rjght ear 

End position 

Left ear 


right 

■«- Nyst -> left 

right Nyst 

left 

0 

45/50' 

(+) 

includ ) 



X-t) 

60' 

>(+) 

Nyst 1 

+ + 20' 


>(+) 

90' 

({+»? 

3rd degree J 



(+) 

120* 

X-I-) 

+ 

60' 

0 

(-H) 

150' 

0 

-t/(+) 

90' 

0 

(+} 

i8o' 

0 

Prov (+) 

120* 

0 

((+)) 

240* 

0 

Prov ((+)) 

150' 

0 


General Conclusion 

In spite of negligible, and fluctuating loss of hearing, seen in the 
varying audiometric indices (i to 5), the preliminary suggestion of 
August, 1943 was maintained in view of a further senes of cases of oto- 
sclerosis characterized by vestibular signs X-ray examination confirmed 
changes in the petrous bone related to otosclerosis 
Summary of 81 cases. 

Otosclerosis : 62 cases (124 ears). More or less vague complaints 
7, definite giddiness 10 cases. 

Vestibular signs 

(a) Directional Nystagmus suscepttbthty direct observation 7 calculation (upon 
cold/rotat or cold/warm tests) 8 cases 

(b) Subnormal Excitability (20* 10 c c. no response, stronger stimuli up to 16® 10 c c 
no or poor response) 38 ears Rotatory abnormal were 6 cases 4 of them up to 5 rotat 
practically no response, 2 even up to 10 rotat > 5 out of the 6 cases Mere also definitely 
caloric subnormals 

(c) Spontaneous Nystagmus 3 cases 

(d) Mid/End Nystagmus JIid=End (or Mid>End) 32, End>Mid 63 ears 

Progressive Cochlear Deafness: 19 cases (38 ears). Vague, or 
e g. hypertonic, complaints 5 Definite giddiness attacks, but, for 
obvious objective findings to" be discussed in a later paper, independent 
of the progressive internal ear lesion : 2 cases, P. Harry, 58 , B. Mary, 71. 
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Vestibular signs 

(a) Directiojial Kyslagmus susceptibility : direct observation i, calculation 5 cases. 

(b) Subnormal Excitability : caloric 7 ears ; rotatorj’ 2 cases (one of the latter also 
caloric subnormal). 

(c) Spontaneous Nystagmus : no case. 

(d) Mid/End Nystagmus: Mid=End 29 cars; End>Mid 2 ears. However, the 
latter are related to case B. Agnes, 73, with otosclerotic strain [vide form 2c of Primordial 
Otosclerosis, in chapter on Genetics, and Kecord III, 2, iii] and to case D. Arthur, 70, 
[Record III, 2, iij respectively ; D. Arthur was somewhat arbitrarily grouped with pro- 
gressive cochlear deafness on his evidence of positive Rinne and negative Schwabach F 
with fork e' (and to the beginning of deafness only when he was 55), in spite of 
definite negative Rinne with fork e. 


Table I 

Tables on Vestibular signs with Progressive Congenital Deafness. 



62 cases=i24 cars_ 
Otosclerosis 

19 cases = 38 ears 

Prog. Cochl. Deafness 

,On the whole 
Otosclerokis -1- 
Cochl. Deafness 
number of ab- 
normals. 

Total 
number 
of cases 
or ears. 

Number 

of 

Abnormals. 

% 

Total 
number 
of cases 
or ears. 

Number 

of 

Abnormals. 

% 

(0) Directional 
Nystagmus 
susceptibility 

62 

14 

22*5 

19 

6 

31-5 

144- 6=20 . 

(ii) Subnormal 
Excitability 

124 

40 

1 

1 

32-5 

38 

5 

i 

13-5 

40+ 5--=45 

(c) Spontaneous 
Nystagmus 

62 

1 

4 

6-5 

19 

* 0 

1 

i ° 


(d) End = Mid 
Nystagmus 

124 

30 

24 

38 

29 

7^'5 

! 

30-^-29=59 

(e) End > Mid 
Nystagmus 

124 

! 57 • 

i 

1 

46 

38 

2 

5 

57+ 2=59 

((/) Definitel}’ 
Normal 

124 

s 

1 

■ 6-5 

38 

18 

47-5 

8 4- i 8 = 26 


Ristimd. The rate of 96-5% of otosclerosis compared with 3-5% of 
progressive cochlear deafness [table lie] is striking, much the more by 
considering that the negligible rate of 3-5% is related to B. Agnes and 
D. Arthur who in the summary above on Progressive Cochlear Deafness 
were discussed as suggestive of otosclerosis [sub (d)]. 

- ■ The rate of 9 : i [table Ilb] is also noteworthy. 

The rate of 2-5 : i [table Ila] on unqualified directional nystagmus 
susceptibility is not very significant. The rate is quite different, if, 
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according to the footnote of Ila, only cases with the writer’s direct 
observation of directional nystagmus susceptibility are taken into 
account, such as illustrated with case H. Margaret, above. (Results of 
calculation of directional nystagmus susceptibility, both upon Hallpike's 
standardization of Vogel's cold/warm test and upon the writer’s cold/ 
rotator test should he taken with due reserve, except in gross cases 


Table II 


On the whole 

Otoscler. 

+- cochl 
deafness 

hereof 

otoscler 

% 

Otoscler 

4- cochl 
deafness 

hereof 

cochl 

deafness 

% 

Diagnostic 

relationship 

Otosclerosis 

progressive 

congenital 

deafness 

(a) Directional i 
Nystagmus i 
. susceptibility! 

20 

14= 

70 

20 1 

1 

\ 

6= 

30 

i 

ca 2 5 I (or 

7 I*) 

(6) Subnormal 
excitabibty 



89 

45 

1 

5“ 

i 

n 

■i 

(c) Spontan. 
Nystagmus 

4 

4= 

100 

■ 

0 = 

0 i 

i 

[ Otosclerosis 

1 only (sm^U 
statist 

1 number *} 

(d) End«I.Iid 
Nystagmus 

1 

30= 

51 

1 

1 

1 

29- 

49 

ca equal 

{e) End>Mid 
Nystagmus 

59 

57« 

98-5 

i 59 

j 

ass 

3 5 

ca 24- 1 

{/) Definitely 
Normal 

j 

26 i 

1 

8« 

>31 

26 

18= 

<69 

ca 1 2 


• Upon qualified directional nystagmus susceptibility, (vide resume) 


which are not often concerned with progressive congenital deafness ) 
Among only 8 cases available of direct observation 7 are otosclerosis, 
I progressive cochlear deafness. However, this is, again, the case D 
Arthur, who was repeatedly mentioned as somewhat arbitranly grouped 
with cochlear deafness. Directly observed directional nystagmus suscepti- 
bility is obviously a rarity rvith progressive cochlear deafness 

Table Ilf illustrates the pathological -anatomical findings and 
genetically based probability of otosclerotic changes with progressive 
cochlear deafness, by referring vestibufar abnormalities in cases of cochlear 
deafness to otosclerotic changes, of course if other causes of vestibular 
abnormality can reasonably be excluded. 
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Conchision. 

On the one hand, vestibular tests demonstrate the intenvo\'en 
features of otosclerosis and progressive cochlear deafness ; on the other 
hand, vestibular tests seem to be helpful in the diagnostic differentiation 
between the two forms of congenital deafness, by the detection of so far 
latent changes in " mute areas ” of the petrous hone. 

Record II 

Examples of Progressive Congenital Deafness with Mother and Child. 

9 families vath progressive congenital deafness show identical f3'pe 
of deafness. 

Non identical type was found with 2 families. 

(1) . K. Joice, 16, classical otosclerosis. Her mother, 56, slight 
cochlear deafness ; even if referred to age, a premature case of presby- 
acusis and a relatively much advanced one. 

Audiometry : C to o'* practically normal ; c^ c®, right 55, 67, left 46, 
59 decibel loss. 

(2) . H — y family. 

(o) Mother, 46, otosclerosis attdiom. index right 397/. .6=66, left 378/'7 = 54; 
Forks : (0) Rinne both — , Schwabach right +, left normal ; (c’) Rinne both — , Schwabach 
right normal, left + +. 

(6) daughter Is., 12, progressive cochlear deafness; audiom. index right 392/8=49, 
left 396/8 = 49!; Forks ; (e) Rinne both +, Schwabach right — , left {(— )) ; (a’) Rinne 
both ■+, Schwabach both—. 

(c) daughter M., 16, progressive cochlear deafness ; audiom. index right 344/8=43, 
left 342/8 = 43; Forks: (e) Rinne right (+), left +, Schwabach both — ; (a*) Rinne 
both +, Schwabach both — . 

[d) son David, 20, progressive cochlear deafness; audiom. utdex right 462/8=38, 
left 437/8 = 54!; no bone conduction (audiometrj') both with 64, 128, 2048, 8192, and 
left with 256. 

(c) son M., 9 ; according to tests at sev'eral dates over a period of one year : suggestive 
of beginning otosclerosis (fluctuating slight decibel loss, uncertain provocative test, 
suggestive vestibular responses). The case, which was tested for scientific reasons, is 
of course not registered with the survey on our otosclerosis cases mentioned in other 
Records of this paper. . " 

(/) daughter G.. 14, normal ; with Forks even hypemormal ; audiom. index right 
120/8= 15, left 84/8 = 10!, quite e.vcellent hearing in the conditions of our sound-proof room. 

(g) son Denis, 22, not available. Is normal (mother's report). 


Record III 

Coincidence of Otosclerosis and Progressive Cochlear Deafness in the same 
case. 

Tjrpe (i) : so-called imilateral otosclerosis. Small iindings with the 
" normal ” ear indicate, according to the vviter’s earlier obsert'ations 
over a period of many 5'ears, that fully established unilateral otosclerosis 
is often associated with slight but tmmistakeable signs of cochlear deafness 
in the “ normal ” ear [Practica Otolaryng., I, 3-4]. 
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This fits in nith our view on primarj- cochlear deafness with oto- 
sclerosis taken in the chapters on anatomj- and on genetics Such cases 
are not representatives of a clinically established Primordial Tj-pe of 
Otosclerosis, such as illustrated below with cases of type (2) ; but type 
(i) is the clue to type (2). 

Cases of Type (i) ; 

(1). W. Hilda, 31, right ear deaf one year gradually : cochlear 
otosclerosis. 

Right audiom index Air C 6^ db,^\erage Rinne— 43 , 

Left audiom index Air C 27 db, a%crage Rmne— i 

Tumngfork* (e) Rmnenght —.left — .Schwabachnghtnonnal.leftshghtlj'shortened 

• (ii). S. Annie, 53, right deaf for a while ; cochlear otosclerosis 

Right audioni index Air C 429/*6 —71} axerage Rinne —50. 

-Left audiom index Air C : 25o/8=£3i, axerage Rinne —5 

Tuning forks (e) Rinne right — , left +, Schxxabach. right normal left slightly 
shortened (a^) Rinne right — . left +. Schxxabach right normal (’), left defmitelx 
shortened 

(lii). O'Co , Joseph, 41, right ear 3-4 years deaf, throbbing ' non- 
cochlear otosclerosis. 

Right audiom index. 35G/' *5* =71, a\erage Rinne —53, 

Left audiom index 157/8SS19J, axerage Rmne —6 

Tunmg forlw (e) Rinne right — , left Schxxabach nght normal (’) left normal (>) 
(a*) Rinne nght left -f , Schxxabach nght normal (’), left defimtelx shortened 

(iv) . XV. Mary, 45, tinnitus and deafness left several years, nght 
all right : n.c o. 

Right audiom index 2X2/8=261 db. axerage Rmne —5 , 

Left audiom index 420/7 =60 db. axerage Rmne —46 

(db loss Rigjii 64 to 8192 28 24 24 24 22 10 48 } 

Tunmg forks (e) Rmne nght +, left — . Schxsabach nght — left normal (’) (a^ 
Rmne nght +, left — , Schwabach nght normal (’). left ->~ 

(v) . L. Peter, 24, right deaf set'eral months, left " all nght " 
basal cochlear otosclerosis. 

. P /Rt 41 45 44 52/63 87 78 62 (db loss 64 to 8192) , aud md =59 . axerage Ri— 51. 

■' LLt 24 22 17 25/35 48 55 38 (db loss 64 to 8192) . aud ind =*33 axerage Ri—i 

Tuning fork tests less characteristic in this case ; ho^^ever audiometry" 
demonstrates, according to the m'arked differences in Rinne's test . 
Right b.c.o. (basal cochlear otosclerosis). Left bed (basal cochlear 
deafness) - 

The '* good " ear in another 5 cases of " unilateral otosclerosis ” 
shows already definite — middle ear type — otosclerosis In two cases, 
the good ear was objectively normal. 

• Subjectively unilateral deafness \v^s encountered in 12 out of 157 
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well established cases of otosclerosis, i.e. in 8%, objectively unilateral 
deafness in only 2 cases, i.e. in >1-3%. 

Cases of Type (2). 

Established Primordial Type of Otosclerosis. 

Case (v) of type (i) could equally well be ranged with type {2), for 
the magnitude of the objective changes, although no changes at all were 
noticed by the patient, and added as 5th case to the following 4 cases. 

(i) . R. Zachariah, 52 ; right gradually deaf 10 years, left “ all 

right ~ 

Frequencies : 64 1024 4096 8192 average 

Airc/^'S^^ 59 66 64 65/68 60 95 x : audiom. index 477/7- =68; Rinne —33 

, \Left 41 38 33 33/33 30 78 -f : audiom. index 286/7- =41; Rinne —6 

Tuning Forks ; (e) Rinne right — , left +. Schwabach right normal, left ( — ) ; 

a' Rinne right — . left +, Schwabach right normal, left (— ). 

Diagnosis : Right b.c.o. (basal cochlear otosclerosis), Left bed (basal cochlear deafness). 

(ii) . D. Arthur, 70, deaf gradually 15 years. 

Diagnosis of the surgeon of the out-patients’ clinic : Otosclerosis. The case ivas 
referred for scientific research, which made the diagnosis not clearer but rather ambiguous. 
As a matter of fact, the very ambiguity is characteristic in such cases. I preferred to make 
The diagnosis of progressive cochlear deafness, partly regarding the late appearance of 

deafness (55), partly the very bad Bone Conduction with audiometry'. On the other 

hand, the vestibular signs of the case came out to be in progress of research work, much 
in favour of unilateral — vestibular — otosclerosis. 

, „ ("Right 58 65 70 78/81 82 86 -f ; no bone Cond. at all. 

\Left 57 63 6g 78/80 74 80 x ; bone cond. only with 128 and 256. 

Tuning Forks : (e) Rinne right — , left — , Schwabach right — , left — ; / 

(e') Rinne right -f, left -1-, Schwabach right — . left — . 

'Diagnosis : (Primordial) Duality of Otosclerosis and Cochlear Deafness. 

(iii) . B. Agnes, 73, gradually deaf ca 10 years. 

' average Rinne 

with c to c- . 

("Right X 75 80 93/110 93 X x; audiom. index 451/-5- - =90; Ri— 49 

” \Left 44 48 52 54/73 72 75 x; audiom. index 418/7- =60 ; Ri —16 

Tuning Forks : (e) Rinne right — , left -f , Schwabach right — , left ; 

(e') Rinne right — , left Schwabach right — , left . 

Diagnosis; "The relatively small negative Rinne, left (audiometry), is suggestive of 
a “ physiological negative Rinne ” indicating progressive cochlear deafness left. The 
marked difference with Tuning Forks between right and left tells the same story. (X-ray- 
examination is missing.) Summarized : Clinical Otosclerosis right, progressive cochlear 
deafness left. 

(iv) . T. Jack, 41 ; right deafness for years, worse last 2-3 months ; 
left ear not good a short while. 

/Right 56 58 55 77/89 70 74 x; audiom. ind. 479/7- =68^; Ri= -40 

^ (.Left 45 34 30 37/53 43 63 61: audiom. ind. 366/8=48; Ri= -18 

Tuning Fork : (e) Rinne right — , left Schwabach both (( -)). 

Diagnosis : Right b.c.o. (basal cochlear otosclerosis), left highly suggestive of b.c.d. 
(basal cochlear deafness). 

Conclusion. Clear distinction between the two types of congenital 
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deafness in the nght and left ear respectively can hardly be expected 
On the one hand, the relative unreliability of clinical signs of diagnosis 
must be duly taken into account On the other hand, our discussions 
on anatomy and genetics, m the respective chapters, led to the plausibility 
that no stnct separation but rather transient clinical forms of both 
types of congenital deafness should be encountered The qualified 
discnmination of the 4 cases (or 5, by inclusion of case v, type i) of type 
2 IS sensible and justified 

Record IV 


Genetic Relationship between Otosclerosis and Vestibular Vertigo 

The following case might seem to be a ranty as the only one of this 
kind really recorded However the circumstances are unfavourable 
for checking reports on deafness of relatives It is not exceptional 
that, with a case of vestibular vertigo, without otitis, ans« ers, to inquines 
on defective heanng of next of km, are in the affirmative Therefore 
I do not regard the following case as quite unusual, but only as unusually 
representative 

H Sidney, 24, typical attacks of vertigo ivith sick feehng, and tem- 
porary slight circumscnbed loss of heanng 


decibel loss 28 

frequencies 64 


31 24 25 35 21 
31 25 37 50 31 
256 1024 


Three months later 


29 26 =*27^ 
18 3s 

8192 audiom 
index 


decibel loss/f>8^^ 

(.Left 17 15 


12 

13 


17 24 17 23 13 

13 17 '3 13 15 


-X4i 


On inquiry of any deafness of next of kin mother deaf since the 
patients birth 
Mother's case 

H Sybill, 57, more than 30 years ago attacks of falling, no less of 
heanng, then Since pregnancy with son above, 24 years ago, increasing 
deafness Right ear nil. Left ear shouting Noises both ears 

Auditory tests 


{tneC 4 

X 

X 

X 

X 

X 

X 

X 

34 

39 

X 

X 

X 

X 

X 

Frequencies 64 


256 


1024 



8192 

Left ^ 

12 

87 

95 

95 

100 

X 

X 

LBoneC 24 

38 

39 

7 

X 

X 

X 

X 

Frequencies 64 


256 


1024 

2048 




A ’•avs + Preliminary Diagnosis Basal Cochlear Otosclerosis (b c o ) 
Vestibular tes.*s_^ 

i8°5 c c both ears no response i8*jo c c right no response left \ery poor response 
Labyrinth chair 2 rotatory both direct poor response 5 and 10 rotatory no response 
not the slightest giddiness 

Definite Diagnosis Panlabyrinthine Otosclerosis ’ {Basal Cochlear + \estibular 
Otosclerosis) 
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J Alfred, 64 ^f^nj^reespecnllyleft 

(2) M Robert, 48 Progressive cochl deafness 

(3) St Stanley, 29 M^m^releft 
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Comments 

•(a) 4 out of 25 tests (No g, u, 13b, 17b) indicate an equal or 

almost equal Provocative Rinne nght/left , they are unconclusive 
One case (18) is paradoxical 20 show typical “ reciprocal behaviour ”, 
some of them on a minor scale, several definitely such as (i), 16), (7), (8), 
(lo), (is") and others “ Reciprocity ” means the side of major nega 
tivity with physiological Rinne is mostly, 1 e m typical cases, the side 
of minor negativity with provocative Rinne, and iice versa (Negative 
Rinne reaching and passing the zero level becomes, reversely, positive ) 

It IS hardly possible to explain the provocative Rinne except by 
physiological changes in the tympanic muscles (/ Laryng and Olol , 
1944, lix, 9)‘ The physiological interdependence (reciprocity) between 
Provocative Rinne and Routine Rinne such as demonstrated on the 
table, points to the extreme probability of the negative physiological 
Rinne also ongmating m activities of the tympanic muscles 

(b) The interrelation between physiological and provocative, 
negative Rinne cannot be expected to be so typical with cases of 
otosclerosis as with those of non otosclerotic cochlear deafness The 
quantitatively fairly correspondent reciprocity was calculated with cases 
of cochleat deafness m the following way The difference in decibel loss 
between right and left of all of 19 available cases was summed up for the 
Routine Rinne and for the Provocative Rinne, amounting to 272 and 
279 db respectively The average rate of difference in an individual 
case IS iV =ca I The corresponding figures with 36 cases of oto 
sclerosis as to Routine Rinne and Provocative Rinne are 395 and 263 db 
respectively The corresponding average rate of difference m an individ- 
ual case IS =3^ decibels 

This means' against an approximate quantitatively equal, though 
reciprocal, change with both Rinne tests (figure ^ is fairly negligible) 
with cases of cochlear deafness, there is an average difference of 33 db 
wnth cases of otosclerosis The morphological penstapedial changes of 
otosclerosis are obviously inhibiting to some degree the physiological 
changes involved To exclude as far as possible this " morphological 
error ’, the cases of otosclerosis were graded (a) unselected, (b) by 
exclusion of cases with difference of provocative Rinne between right 
and left ear, of less than 5 db, 1 e only i db more than the possible 
" error ” of 3§ db 

CASES or OTOSCLEROSIS 

With provocative Rinne with provocative Rinne 

on unselected cases (50) on a scale of nght/left difference of 5 or <5. 

decibels {28 cases) 

typical paradoxical tjpical paradoxical 

36 cases=72% 54cases=28% 23 cases 82% 5cases=i8% 

(Out of 22 cases of provocative Rinne on a scale of nght/left difference of less than 
5 db only 13=59% were typical and 9=41% paradoxical ) 
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* On the whole, these records on otosclerosis can be taken, with due 
criticism, as a certain confirmation of the figures of purely physiological 
negative Rinne with cochlear deafness. The records on otosclerosis 
are at least highly suggestive, that— (muscular)— conditions of the physio- 
logical negative Rinne, increasing the magnitude of the morphological 
negative Rinne, have to be included in our diagnostic calculation in 
those cases or stages of otosclerosis where stapedial fixation is not yet 
fully developed. 

Record VI 

Apical Cochlear Cases suggested by defects in low scale bone conduction. 

A. " a.c.d. " (apical progressive cochlear deafness). 

(i) M. Colette, i6. 


Audiometry 



(Air C. 

60 

74 

76 

75/70 

51 

47 

X 

Right 

■{ Bone p. 

X 

X 

} 

?/53 

53 

,42 

X 


( Frequencies 

64 


256 

1024 


4096 



(Air C. 

60 

72 

62 


50 

47 

X 

Left 

•.( Bone C. 

X 

X 

X 

?/54 

42 

38 

X 


(Frequencies 

64 


256 

1024 


4096 


Her father, 48 typical b.c.d. (basal cochlear deafness). 




(ii) 

K. Mrs., 50. 








Audiometry 




61/67 , 




Right 

r Air C. 

47 

52 

53 

59 

53 

55 

\-Bone C. 

X 

X 

X 

x/63 

53 

54 

X 

Left 

f Air C. 

47 

52 

53 

59/63 

59 

61 

46 

pBone C. 

X 

X 

X 

x/63 

X 

55 


Case (i) specific " a.c.d. 

" with air i 

and bone conduction ; 

case 

(ii) only with bone 

conduction. 








B. 

" a.c.o. ” (apical cochlear otosclerosis), 



■ 

(i) 

G. Ena, 41 ; only right 

ear 

suggestive of 

a.c.o. 


Right 

f Air C. 

X 

X 

77 

87/86 

74 

68 

X 

\Bone C. 

X 

32 

X 

43/61 

38 

46 

X 

(ii) 

O.Vera, 26. 








Right 

r Air C. 

X 

73 

85 

85/97 

77 

66 

60 

(_Bone C. 

X 

X 

31 

31/51 

40 

30 

30 

Left 

/Air C. 

X 

X 

(73) 

97/107 

94 

90 

(68) 

\Bone C. 

X 

X 

X 

43/61 

50 

40 

(43) 

.(iii) 

B. Nelly, 56 ; 

only left 

ear 

suggestive of 

a.c.o._ 


/ Air C. 

X 

75 

74 

73/74 

53 

41 

X 

Left 

1 Bone C. 

X 

X 

40 

41/45 

38 

3'3 

X 
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(iv) D. Mary, 35 ; February, 1944. 


„ fAirC 

X 

1 X 

79 

74/84 

61 

57 

63 

X 

X 

X 

x/ X 

54 

31 

X 

Left ^ 

X 

X 

82 

81/92 

72 

51 

60 

\Bone C 

X 

X 

X 

x/ X 

43 

37 

X 

The same patient more than 

2 3 ears ago 

cl 0 (classical otosclerosis) December, 194: 

„ /AirC 

X 

73 

76 

83/70 

57 

52 

67 

14 

11 

+2 

0/43 

16 

17 

33 

Left ^ 

X 

X* 

77 

71/81 

48 

48 

33 

\Bone C 

2X 

27 

*7 

25/47 

18 

21 

24 ' 


The audiometnc index of deafness was 

Right Air Conduction Left Air Conduction 

1041 - 487/ 7 = 69^ db . . 358/ 6 = 59^ db 

1944 418/ 6 = GgJ 438/- 6 = 73 

The deterioration wth Bone Conduction is catastrophic in both ears, 
that of Air Conduction remarkable left, slight in the right ear 


(v) M. Rosa, 34 , throbbing “ dynamo ” noises 


AirC 

X 

X 

X 

97/86 

78 

83 

X 

Bone C 

X 

X 

X 

48/58 

52 

43 

X 

AirC 

. X 

73 

84 

78/72 

56 

57 

X 

Bone C 

X 

35 

35 

32/51 

36 

48 

X 


Tuning Forks Schi\abach (e) and (a') both ears definitely shortened Right 
suggestive of a c o , Left classical otosclerosis 

X-rays On each side considerable zone of dense bone surrounding the superior semi 
circular canals 

Caloric iesls Both ears subnormal excitability (no response with 17*10 c c ) There 
was, only Right (side of a c 0 ), End>Mid njstagmus whereas Left normally End^sMid 


M 

Right 

M. Doris, 33 

/Air C 

60 

72 

69 

65/60 

58 

40 

40 

\Bone C 

X 

X 

25 

18/40 

34 

27 

43 

Left 

/AirC 

60 


02 

62/56 

54 

51 

54 

\Bone C 

X 

X 

27 

17/32 

31 

24 

39 

Tuning 

Forks (e) Rinne both 


Schuabach right 


left — 



(a') Rinne right — , left Schwabach both normal 
Diagnosis Classical Otosclerosis but for Bone Conduction missing (O4) and (128) 
audiometry Bone Conduction extremely shortened (e),* Tuning Fork right ear more 
than left , especially Right ear highly suggestive of a c o 

Conchiston. The interpretation as apical cochlear otosclerosis must 
be, preliminarily, a purely clinical one saying that clinical signs are 
pointing to a G o Confirmation by histological examination is needed 
Eventual ossification on both windows has to be taken into consideration, 
as an alternative 

' Record VII 

Examples of Basal Cochlear Otosclerosis bco 
(fl) Diagnosis " Otosclerosis " confirmed by X-rays 
(i) W Ethel, 35 , the Key-case, which was suggestive of " cochlear 
otosclerosis History • 3 years left deaf after bad cold Buzzing 
noises Right ear good No family history. 
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Audiometry 








rAir C 

37 

42 

24 

23/31 

63 

59 

65 

Left .j ^ 

21 

26 

19 


i8 

27 

27 

L Rinne 

— 16 

—16 

-5 

-II/-4 - 

~45 

-32 

-38 

Audiometry 





f Air C 

32 

28 

22 

16/12 

17 

II 

II 

T3 i-i 1 Bone C 

Right 

X 

31 

22 

21/31 

23 

18 

28 

[_Rmne 


+3 

±0 

+ 5 / +19 + 

6 

+7 

+17 

Tuning Forks steppage tests 








Right missing , Left ^vlth (250), (looo), (4000) d v f 49, 33, 27% First step periods 

\ioo, 51, 40% Ultimate Thres- 
holds 

Summary Left definite decrease from low td high scale, with both audiometrj’' and 
tuning forks 

The diagnosis, based on the tests, was cochleai deafness Yet, rve should have been 
warned b) the mdivudual relatively high ncgati\e Rinne —45 at (2048), and by the definitely 
negative Rmne (4096) and (8192) of a magnitude exceeding, or at least at the limit of, 
physiological negative Rinne Mr Watkyn-Thomas, who referred the case for audiometry 
noted some otoscopical signs of otosclerosis and sent her also for X-iays Left pericanal 
cloudy zone, suggestive of Otoscleiosts 

The X-ray diagnosis v\as right, in view of numerous analogous cases encountered 
later on The prehmtnaiy conclusion was some features of hearing tests, generally due 
to " cochlear deafness ”, are often found in a well characterized group of otosclerosis 
high scale deafness associated with relatively high negative Rinne, even with Schwabach 
-1- (tuning forks) on low scale This ts b c 0 

(li) V. Charles, 56; Right ear gradually worse, Left all right (^). 
When bending down, sometimes giddy and sick, must then have a rest 
of J or J hour before resuming his work. Out-patient clinic suggested 
cochlear deafness. Patient was referred for hearing tests. 


Audiometrj 

■■Air C 

Bone C 

57 

24 

64 

33 

54 

28 

65/66 

24/33 

96 

43 

X 

X 

X 

X 

Right j 

[ Rinne 

--33 

-31 

—26 

-41 / -33 

-53 

X 

X 


f Air C 

37 

35 

34 

39/67 

51 

94 

X 

Left I 

! Bone C 

24 • 

29 

17 

18/25 

39 

X 

X 


[ Rinne 

-13 

-€ 

• -J 7 

-21/- 

42 —12 

? 

X 

Tuning forks (e) Riniie Right — , 

, Left i. 

Schw'abach Right (— ), 

, Left normal 


(a') Rintie Right Left +. Schwabach Right (-), Left normal’ 
Vestibular tests Directional Nystagmus Susceptibility to Left, according to cold/ 
rotatorj' calculation, and especially to the result of " direct observation of directional 


Nystagmus susceptibility ” \yidc Records IX] 

There was, following Left cold calorization, practically no nystagmus m end position 
to right, but definitely to Left As vestibular abnormalities, meanwhile m progress of 
research wo'rk, were more frequently found with otosclerosis than with cochlear deafness, 
the differential diagnosis Was left to X-rays The diagnosis of the X-ray department, 
confirmed by Jlr Watkyn-Thomas, was " The osseous labyrinths are not very clearly 
defined on either side, and on the left is an area of osteoporosis of the petrous bone above 
the 'abynnth, which seems to have destrojed the outline of the superior semicircular 
canal ” 
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Contributions t ancv 24 y<=a« ago- 

•_ since pregnancy 24 y 


Contributions to ruu 

Audion'Ctn- X X y x/x ^ 

Rib'''- \BoneC. -J 87 9^95 ^ ^ 

r*>r C , , i8 39 ' 

Bone C. -■* 

Left J 


KSr%s«:^ 5 ^ 9 nd 10 ^ „,;ecas chai-gcs ^ 

■ .. Otosclerosis” supported^ ^ 

Diagnosfs ttvo, both tvr 

-.Otosclerosis” supported by tvitb 

4° TrSerstgm^V 

several brothers. One ^ ^ ..e.ge R- ^ 



Audiometry 

Bight aa 
- »!. A\r 


67 

60 


e..£. I =‘i “i:rvffi.H ..m. 

8 . X >< 


average Rrane -44 
average Rrane -47 


Audiometry 
Bight 


85 

75 


X 

X 


Right 34 ,, 65/77 wh normal 1') 

^itngfotre. W «r„:rofh and d.ract.onaf Ryetegrans 

ve-wnt les 30 years ago 

aaecptihifin- n ^ ‘'’“Jes"^* on\ s.ster (no nuddle- 

sJ^o!;se oi 'dlaVess iollotving measle 

ear suppuration). „ — , 


X average Rrane 
X average Rrane 


fO/fin 83 73 

Audiometry p ,, 63 ^.g" 68 S3 

K'f‘ I'lrC 57 55 s,&h normal 

Tuningforhs- W F. Schvvahach f-1 

y “Primordial case. 

Record IV 2 (i)]. 

e..v r/%;Ttririe 


(d) Cases 01 pa-‘— „ “ _ side o c.u., 

EoSd'i* (S'” , ..Iih .«p«“e •p;‘“i*Sh?Spfc. 

7 days ago. uao 
positive. 
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Audiometry * n 

Right Air 6o 69 71 70/77 8g X X average Rinne —45 

Left Air v x 73 76 80/93 94 95 x average Rinne —57 

Tuning forks (a‘) Rinne both — , Schwabach Right + +, Left + , even in Weber’s 

test (a^) was heard longer than normal 

- ;\Ir Watkyn-Thomas noted a strange retraction at the right drumhead which he was 
inclined to attnbute to some spasm m the miisculus tensor tympani (Regular physiolo- 
gical contractions of the muscle are not associated with changed positions of the drumhead ) 

(iii) b.c.o. identified only on Bone Conduction. 

R. Alfred, 58 ; deafness gradually 23 years. Family +. Paracusis 
+. Left ear noise, beating of the pulse. 


Audiometry 

Right J 

'Air C 

1 Bone C 

X 

14 

X 

79 

21 

84/9X 

29/52 

96 

X 

95 

X 

X 

X 

1 

• 

[Rinne 

? 

> 

-58 

-59/ -39 

? 

? 

X 


r Air C 

X 

X 

X 

105/H0 

X 

X 

X 

Left -j 

Bone C 

1 

18 

“4 

27 

40/65 

X 

X 

X 

i 

[ Rinne 

? 

? 


-65 / -45 

X 

X 

vX 


Right typical b c o , Air C (and Bone C ), left Air C only residua, but Bone Conduction 
specific b c o 

Record YIII 

Family Investigations with Hereditary Deafness 

The number of seven family cases is too small to provide any con- 
clusive results. They are reported, however, to indicate some new ways 
of family investigation with hereditary deafness. The writer's Provoca- 
tive Test seems to be one way of diagnosis of latent deafness in hereditary 
families, another promising way, the writer's vestibular diagnosis of 
congenital deafness, could so far not be followed up on a satisfactor}'’ 
scale. 

(i) Family V — n. 

V — n Peter, 2|, suspected deaf-mutism. 

Parents’ first child, lively, intelligent Audiometry probably not heard Very 
intensely sounded c^ Edelmann fork certainly not heard no response of attention, no 
palpebral reflex Ugly voice of deaf-rautism -Labyrinth chair ^ Following lo rotations, 
both directions gross Nystagmus, and post-rotatory unsteadiness -Diagnosis Con- 
genital deaf-mutism 

Parents' Question ^^^lat chance of deafness wuth a second child ’ ’’ No famil> 

deafness ” Parents’ hearing ” normal " subjectively , Objective findings - 

(a) Mother V — ^n, Molly, 27. 

Audtom index Right 27, Left 23 db Routine average Rinne right -2, left -i 
- - Provocative Rinne" Right (-3, Left +3 - -Tuning forks (steppage tests) normal 

Vestibulai tests caloric normal. Mid Nystagmus>End Nystagmus (co” 10 c c ) 

(b) Father V— n, Alfred, 31. No intermarriage. 

Audiom. index Right 32- Left 33J Routine average Rinne right -12, left -12 
- -Piovocative Rinne Right -f6, Left ca +12 - -Tunmg forks (steppage tests) 

normal Vestibulai tests Right End >Mid , directional Nystagmus susceptibility 

to Right (method of direct observation) [Left ear was not tested, because vestibular 
abnormality was, beyond doubt, ascertained J 
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. Summary : Parent’s hearing practically normal, upon routine tests. 
Special tests' result is, however ; 

Mother ; provocative tests beyond range of normality. 

Father : audiometric Routine Rinne slightly suggestive of physio- 
logical negative Rinne. Provocative Rinne both ears definitely 
abnormal Vestibular tests abnormal. 

Conclusions. Definite latent deafness with father, \vith indication 
of perivestihular osseous changes Latent deafness of mother suggestive. 

Hereditary Pi ognosis for second child , dubious, ad malum vergens 
in view of abnormalities possibly in both parents. 

(li) Family L — ^n. 

L — n Walter, 8 months. 

Mother is womed about child's hearing No post natal serious fever disease, especially 
no meningitis —Intensely sounded c-* Edeltnann fork no response, including palpebral 
reflex — Xabyrmth chair 5, and 10 rotations no response —Diagnosis probably 
no congenital, but ante-natally acquired deafness 

(a) Mother L— n Elly, 23. No family deafness, 

Aildtom Index Right, 27, Left 25 db Routine a\erage Rmne nght —13, left —0 

Piovocatiie Pttnie Right +0, Left —3 Calotte tests [onlj’ right done) Mm 

N,\ stagmus> End Nystagmus (normal) Rotatory' tests each direction normal 

(b) Father L — ^n Hans, 33. No family deafness. 

Attdiom. Index Right 25, Left 20 db Routine average Rinne right — ii left ^o 

Ptovocativc Rinne Right — r, Left — 4I Tuning forhs (steppage tests) cl, 

right, first period only 55%, othenvise normal’ No vestibular tests 

Summary ; Mother normal, father normal (apart from shght auditory 
inefficiency right, without regard to the unknown vestibular tests) 

Conclusions : Absence of latent congenital deafness with mother, 
and probably with father, confirms the diagnosis of the child's ante- 
natally acquired deafness. Question of hereditary Prognosis, such as 
with case (i), does not arise. 

(iii) Family P — 1. 

P — 1 Rosiha, 15J ; deaf-rautism since 13 years. 

Intelligent mother denies categoncally that the child was born deaf It started 
walking and talking in the same way as the mother's elder children did up to an accident 
at the age of 2-yV years (1931). Mother insisted on following history written on my request 
“ Child was in push chair which shut up and right thumb was cut through at middle 
joint Was taken to a Children's Hospital and attended to Was shaking and trembling 
for I hour after the accident A few months after, the speech was noticed to be slowly 
going, but w'as put down to shock foUo^ving accident 1931 — Hospital found nothing 
wTong only shock 193C — Nose, Throat and Ear Hospital found only’ mental shock ” 

Audiometry only 512, highest intensity, heard nothing else 

Tuning forks . very' poor residua, high scale little better than low 

Vestibular tests . 5 rotations each direction full response 

Covtmeni : In antagonism to the general scepticism against a mother's 
history on the effect of her baby's accident I dare say that the mother is 
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right in our case. According to, probably, congenital lade of normal 
resistance in the organ of Corti, or in the labyrinthine capsule, a 
relatively small accident has broken the power of resistance, and initiated 
progressive deafness. 

(a') Mother P — ^1 Isabel, 54 ; good hearing, no family deafness. 
Intermarriage between her mother and father. 

Audiom. Index: Right 31, Left 35^ db ; average routine Rinne right —2, left— 12 
•Provocative Rinne right +3, left -(-7. 

Vestibular tests : normal; caloric both ears Mid > End Nystagmus. 

(a^) Mother’s daughter Betty, 25 step-sister of deaf-mute child. 
Hearing “ good ”. 

Audiom. index : Right igl. Left 21 ; average routine Rinne right — i, left —7, 
however the individual Rinne (8192) right +22, left —17. 

Provocative Rinne : right -t-3, left +2. 

Vestibular tests : both ears caloric : End>M!d Nystagmus' directional Nystagmus 
susceptibility to Right upon direct observation, and calor./rotat. calculation. 

"(a^) Mother’s son Geoffrey, 31, step-brother, of deaf-mute child ; 
Hearing " good ”. 

Audiom. index : Right 24, Left 20 ; aver.routine Rinne right. —7, left — i.. 
Provocative Rinne : right ca -f3, left ca — 3. 

Vestibular tests : both ears caloric : End>Mid Nystagmus directional Nystagmus 
susceptibility to Left upon direct observation, and calor./rotat. calculation. 

■ Summary : From the deaf-mute child's mother’s-side, 

(a') Mother shows abnormal Provocative Rinne. 

(a‘) Mother’s daughter, slightly abnormal Provocative Rinne, and 
vestibular abnormality. 

, (a^) Mother’s son, abnormal Rinne one side, and vestibular 

abnormality. 

Conclusion : With 3 family members, whose routine tests show no 
abnormality, more or less definite abnormalities were detected by our 
special tests. 

(b) Father, P — ^1 John, 54 ; Hearing not too good 6 or 7 years; 
Humming noises both ears. Noisy work shop. 

Audiom. index : Right 539/8 = 67, Left 454/8=57 ; average routine Rinne right —29, 
left —23. 

Provocative Rinne : left +2 (right not tested). 

Vestibular tests (caloric), only left done ; Mid=End Nystagmus. No directional 
Nystagmus ‘susceptibility, upon direct observation (but only caloric left ear J) 

Sunmiary : not conclusive, but suggestive of congenital vulnerability 
(possibly manifested by professional.acoustic strain). 

General Conclusion on (iii) 

The congenital character of the child’s deaf-mutism seems to be 
confirmed by definite hereditary signs on mother’s side, and suggestive 
signs in the father’s tests. Intermarriage, on mother’s side, is called to 
mind. 
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(iv) Family M — e' 

M — e, Colette, i6 , deafness first noticed, when school started 
Speaking and walking began normally 

She IS one of the 2 cases of a c d (apic cochlear deafness) [vide Record VI A (1) ] 
Vestibular tests both sides normal [Mid Nystagmus>End] 

(a) Father, Robert, 48 Hearing not sharp, when tired, 10 or 15 
years Grandmother was fairly deaf, when over 60 

Audiometry 


Jllght 

/AirC 

43 

46 

36 

uMs 

37 

55 66 

\Bone C 

X 

34 

J5 


30 

51 X 








average Rmne —18 

Left 

/AirC 

35 

34 

28 

26/37 

42 

63 X average 

[.Bone C 

X 

29 

17 

ilyi 

40 

X Rmne —7 

Provocative Rmne 

right ca 

+5 

-4i 




Vestibular tests with 16® 5 c c and 10 c c 

both ears no Nystagmus rotatory tests 


subnormal excitability 

Individual conclusion Typical cochlear deafness upon routine audiometry but highly 
suggests e of otosclerotic strain (definitely vestibular subnormal excitability) 

(b) Mother, Yvonne, 46 Heanng ** excellent ” 

Audiom index Right 187/8=234 Left 191/8=24 average routine Rinne right 
left — gj 

Provocative Rmne nght ca —44 however slight shifting to the left left < •‘-y 
Vestibular tests calonc 16® 5 cc directional Nystagmus susceptibility to right 
upon direct observation 

Individual conclusions suggestive of latent deafness with signs of otosclerotic strain 
(directional Nystagmus susceptibility) 

General Conclusion on (iv) 

The early start of progressive' cochlear deafness of the girl is plausible 
rvith regard to manifested heredity on father’s, and to latent heredit}' 
on mother s side The dual heredity was shown only by our special tests 
(v) Family E — n 

E — ^n Jean, 13 Deafness slowly groivmg, first noticed after bomb 
blast, 3 years ago No family deafness known 

Audiom index Right 480/ 7=68^ Left 532/8=664 db average routine Rihne 
right —37 left -39 

Tuning forki (e) Rmne both ears negative Schwabach both positive 
(a*) Rmne both negative Schwabach both positive 
Individual diagnosis Otosclerosis 

Family 

(a) Mother, 48 Hearing ” good ” 

Audiometry 

Right Air C 35 aS 27 23/34 30 24 33 

average Rmne —6 

Left Air C 22 23 ig 25/35 24 30 52 

average Rmne —5 

Provocative Rmne right —2 left +5 

Vestibular tests (16® 10 c c ) both ears especially nght End>Mid Nystagmus 
Individual diagnosis some abnormality with routine audiometry left (1024) And 
especially (819’’) associated with abnormal provocative Rmne left Vestibular tests Are 
suggestive of otosclerotic changes 
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(b) Brother David, 12. Hearing “ good 

Audiom. index : Right 349/8 = 43-1, Left 191/8=24 ; average routine Rinne right —17. 
left -81 

Tuning Fork steppage tests ; . left nearly normal, right' the “ first periods ” much 
abnormal, e.g. with fork c (250 d.u.) 18% of normal. 

Provocative Tests ; right —3, left +6. 

Vestibular Tests : probably subnormal excitability, but unconclusive. 

Iiidividtial diagnosis : Auditory and vestibular abnormalities, the latter suggestive 
of otosclerotic early changes. 

(c) Brother Reginald, 18. Hearing "good”, 

Audiom. index : Right 143/8=18, Left 122/8=15 ■' average routine Rinne right —6,- 
left -+0. 

.Provocative tests ; both ears normal, i.e. negative provocative Rinne. 

Vestibular tests : (16^° 5 c.c.) right normal ; left 5 and 10 c.c. no, 20 c.c. poor response. 

JPost-rotatory Nystagmus to left >to right. Directional Nystagmus susceptibility 

to Left (upon calculative calor./rotat.). 

Individual diagnosis : Routine and special auditory tests normal, vestibular tests 
suggestive of latent otosclerotic changes. 

General Conclusions on (v) 

Some objective, especially vestibular, abnormalities ■with subjectively 
normal hearing in next of kin of a young otosclerotic girl. 

(vi) Family R — ^n 

R— ^n Alan, ' 12 ; deaf 2 years gradually. 

Audiometry , 


Right 

/Air C. ' 

+ 

X 

85 

86/83 

77 

84 

X 

\Bone C. 

X 

X 

31 

27/38 

25 

30 

42 

Left 

/ Air C. . 

40 

39 

38 

34/42 

51 

42 

31 

\Bone C. 

X 

31 

14 

1/18 

II 

13 

29 


Provocative tests ; unreliable. —No vestibular tests. 

' Individual diagnosis : suggestive of a.c.o. (apic. cochlear otosclerosis). 

(a) Mother, 33 ; hearing " normal ”. 

Audiom. index; Right 284/8 = 35^, Left 238/8=30 ; average routine Rinne right —9. 
left —5 ; Provocative Rinne : right +0, left —3. 

Vestibular tests still missing, and father’s tests not yet available. 

(tdi) Family Sp — ^r 

Sp — r Bessie, 28 ; gradually worse 15 years. More noises after 
first child 5 years ago. Now, 5th month of pregnancy. 

Audiom. index: Right 465/ -7 = 662, Left 424/-7=6oJ. 

Tuning fork tests, 6 months ago, before present pregnancy :fork (a') Rinne both 
negative, Schwabach both normal ; now, 5th month pregnancy (a^) Schwabach right +, 
left + " verv loud ". 

Individual diagnosis : Classical Otosclerosis. 

(a) Mother, 50 ; deaf, following pregnancy 25 years ago. 

Tuning Forks : Otosclerosis. 

(b) Sister, 21 ; hearing “ good 

Audiom. index : Right 201/8 = 25. Left 167/8=21 ; average routine Rinne right —8, 
left —2. Provocative Rinne : right < +6, left ca +8. 

Vestibular tests : missing. 

Individtial diagnosis : Latent abnormality ? (provocative Rinne ') ; so far unqualified 
(vestibular tests missing). 
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(c) Sp— r, Mr, 31, husband of Sp— r Bessie, ""good hearing”, 
no family history 

Audiom index Right 130/8— 16 Left 129/8=16 average routine Rinne right + o 
left +2 'Provocative Rinne right —9 left — ii (normal) no vestibular tests 
Individual dia<’nosts probably normal (m spite of vestibular tests missing) 

Conclusion on prognosis of heanng of the expected chdd of Mrs 
Sp — r Bessie and (c) 

Child seems to be exposed to hereditary abnormalities only on mother's 
[vide (a) and (b)], not on father’s side 

Record IX 

Examples of Tests of Directional Nystagmus Susceptibility m 
cases of Progressive Congenital Deafness 

Mostly it IS sufficient to do one cold minimum caloric test for each 
side, instead of two each side by applying the cold and warm tests The 
patient lying, head slightly elevated, is irngated first, say nght 20“ 5 c c , 
with Bartels’ 20 diop glasses When no more Nystagmus, or only 
still uncertain eye movement, is present, the glasses are taken off, and, 
now, the Nystagmus, if re-appeanng in end position, is directly observed, 
(not. only calculated such as with the cold ''warm calonzation I], and is 
registered both in the left (typical) and right (paradoxical) end position 

Nystagmus in our case — nght cold calonzation — means, when 

appearing to the left normal behaviour , when appeanng to nght and 
left on a fairly equal scale directional susceptibility to nght very 
suggestive , when appeanng to nght >feft, gross directional Nystagmus 
susceptibility to nght upon direct observation After a due interval 
of at least 5 minutes, the same test, must be done on the left ear The 
results of right and left compensate each other, and provide a definite 
diagnosis m the majonty of cases ——When diagnosis is uncertain, 
rotatory tests -are necessary, if possible on the lab3mnth chair, active 
rotation of the standing patient is a substitute 2, or 3, (or 5) rotations, 
according to the response, yield.very often a marked difference between 
right/left The difference can be used for the ” cold/rotatory ’ cal- 
culation of directional Nystagmus susceptibility, such as illustrated 

below sub (z) with case R Elsa Figures of calonc tests, with 

glasses on, should not be compared with rotatory tests in end position, 
and vice versa 

Only rarely cold/warm calculation cannot be dispensed with , then 
warm calonzation is needed, a test disliked by many patients, and by 
the wnter because its accuracy seems to be problematic 

In a first senes of cases reported in this paper, the calculation of 
directional nystagmus susceptibility, in a second senes the direct observa- 
tion, the wnter’s ongmal method, set up 25 years ago, was systema- 
tically followed up 
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Calculation of- Directional Nystagmus Susceptibility. 

(1) Principles of HaUpike-Vogel’s test are known [vide writer’s 

criticism in J. Laryng. and Iviii, 167]. 

“ The diagnostic conclusion, per exclusionem, by comparing the results 
of cold and warm calorization, suggested by Vogel, was referred to the 
writer’s method which compares the results of 

(2) Cold/rotatory tests. The calculation is as follows ; 

R. Elsa, 56 ; otosclerosis. 




Cold test 


Cold/ Rotatory Calculation. 


Right 

Mid pos. 

Left 

The rotatory test means either 

limit ; 

; 150' 

20 Diop. 
glasses 

short response 
20-30 sec. 

(fl) excitability in the left laby- 
rinth higher than right, or (6) 
directional preponderance to left. 
The great right/left difference 

limit : 

; 360' 

End pos. 

Warm test 

240' 

with cold tests excludes alter- 
native (a) [short response left 
against 150' right in mid-position]. 
The other alternative is (6) direc- 

only 

SM’s 

Mid pos. 

only SM’s 

tional preponderance to left. 
Concordance between cold/rota- 
tory and cold/warm, such as in 


210' 

End pos. 

300' 

our case, was mostly but not 
regularly found. 

Conrlnsion : 

End>hlid Nystagmus Directional 



Preponderance to Left. 

Labyrinth Chair. 

2 rotatory to Left 2 rotatory to Right 

poor response t6 jerks to Left 

(only SM’s) 


Direct observation of Nystagmus susceptibility. 

S. Dorothy, 27 ; advanced otosclerosis. ' 


caloris. 

Right 

cold test 

caloris Left 


Labyrinth Chair 

ear 

mid posit. 

ear 


2 rotat. to / 

limit : 

120* 

20 Diop. 

limit : 60' 


Left -Right 

<40 jerks to 6 or 7 jerks to 

right-e-Nyst.->Left 

right-(-Nyst.-^left 

right left 

7 ' 

20* 

{+) 

+ 10' 

0 

The " paradoxical ” nystag- 

'? 

60* 

+ 

+ 30' 

0 

mus to right, following right 

(+) 

90* 

+ 

-f 60' 

0 

cold calorization, upon direct 

{+) 

120* 

+ 

> H- 90' 

0 

observations is : directional 

+ 

150* 

{+) 

{+) 120' 

0 

preponderance to right. This 


180* 

(+) 

150" 

0 

corresponds with cold/rota- 


240* 

(+) 

-f- 180' 

0 

tory calculation (by compar- 


300* 

>(+) 

>(+) 240' 

7 

ing, of course, only the typical 
directions in end position. 


such as Nystagmus to Left 
following Right cold calori- 
zation). 

Not only directional nystagmus susceptibility, but also general 
nystagmus susceptibility — with or without directional preponderance — 
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can be noted with otosclerosis or other cases of vestibular abnormality. 
The general susceptibility is undetectable to tests of calculation, which, 
when exclusively carried out, do not tell the full and accurate story of 
nystagmus susceptibility. (For this and other reasons the ^vriter does 
not trust the cold/warm tests, and his own cold/rotatory calculation 
neither. The well controllable and simple test of direct observation 
should be generally adopted.) 

Example of general — bi-directional — nystagmus suscephbiliiy with 
directional preponderance (to right). 

Ch. Bessy, 27, otosclerosis. 


calons 

Right 

ear 

Cold test 

calons ' Left ear 

Labyrinth chair 


60* 

0 

mid posit, 
(glasses) 

60' a few jerks 

90' almost over 

2 rotat 

‘ Left to Right 

18 jerks practi- 

nght cally nil 

right*«-Nyst -i-left 

end posit 

rjght.«-Nyst ->.leU 

[The diagnosis of associated 

+ 

15 ' 

^ 0 


+ 10/15' 0 


60' 

‘ 0 


+ 60' 0 

directional preponderance to 

+ 

120' 

0 


+ 120' ( +) 

right IS in accordance with 

+ 

180' 

0 


+ 180' (+) 

cold/rotatory calculation, by 

(+1 ■ 

240' 

0 


+ 3 ^ 0 ' > (+) 

duly comparing only the 

(+) 

300" 

0 


+ 300' ( +) 

typical directions in post- 

+ 

360' 

etc. 

0 


+ 360' (+) 

etc. 

Record X 

caloric end position of the 
eyes] 


X-RAY Diagnosis of. OrosctEROsis 

Three cases were mentioned with Record VII (i), (ii), (iii) on basal 
cochlear otosclerosis. In two further cases the dubious diagnosis could 
be established by X-rays. 

M. Rosa, 34 ; much advanced deafness, very bad bone conduction ; 
otosclerosis ? cochlear deafness ? 

Vestibular tests were in favour of otosclerosis (definitely subnormal 
caloric excitability). 

X-ray : " Very considerable zone of dense bone surrounding the 
superior semicircular canal on each side, supporting diagnosis of 
otosclerosis”. 

H. Margaret, 32 ; very beginning of otosclerosis. Vestibular signs 
more suggestive than almost negligible loss of hearing. 

X-rays : supporting diagnosis of otosclerosis [vide introductory case 
Record I]. 

The X-rays may often be useful in the diagnosis of established 
otosclerotic osseous changes. On the other hand M. Weber stresses the 
point, that early microscopical otosclerotic changes cannot be identified 
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by X-rays, which is not in accordance with S.- A. Jenkins who found 
X-ray changes in the labyrinth without any clinical signs. 

Combination of vestibular + X-ray examinations, apart from 
auditory tests, is indicated in dubious cases of progressive congenital 
deafness, and might be useful by supporting or checking each other in 
cases, in which X-ray and vestibular changes are markedly unilateral. 

Record XI 

Tables of Prognosis with six types of Progressive Congenital Deafness 


Table I 

illustrating the " Order of Congenital types ” of deafness based on the 
Scale of Decibel Loss — Audiometric Index of Deafness. 


Auditory Index 
of deafness 
(db. loss) 

c.d. 

(except 

b.c.d.) 

b.c.d. 

• 

cl.o. 

n.cl.o. 

c.o. 

(except 

b.c.o.) 

b.c.o. 

■ >40 

2 

17 

3 

0 

2 

I 

40— >50 

9 

23 

• 12 



• 6 

50 — >60 

4 


16 


IB 

9 

60 — > 70 

5 


17 

1 28 

10 

14 

70 — >80 

0 

as 

5 

8 

9 

26 

<80 

2 

2 

0 

1 

1 0 

1 

4 

13 


22 

65 

53 

53 ■ 

36 

69 


ears 

ears 

ears 

ears 

ears 

ears 


Percentage of decibel loss with these 298 ears related to the six types of congen". deafness. 


>40 

9% 

26% 

6% 

0% 

1 5 % 

1% 

40 ->50 

41% 

35 % 

23% 

4 % 

i 3 % 

9% 

50— >60 

18% 

22% 

30% 

28% 

28% 

13% 

60— >70 

24% 

11% 

32% 

53 % 

28% 

20% 

70 — >80 

0% 

3 % 1 

9 % 

15% 

25% ^ 

38% 

80 

8% 

3 % 

0% 

0% 

11% • 

19% 

1 

100% 

c.d.* 

(except 

1 b.c.d.) 

100% I 

b.c.d.* 

1 

1 

100% 

cl.o.* 

' IOO% 

n.cl.o.* 

■ 1 

100% 

C.O.* 

1 (except 
b.c.o.) 

100% 

b.c.o.* 


* c.d. = cochlear deafness ; b.c.d.=basal cochlear deafness ; cl.o.=classical otosclerosis ; 
n.cI.o. = non-classical otosclerosis; c^o.=cochlear otosclerosis ; b.c.o. = basal cochlear 


otosclerosis. 
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The prognosis of cl.o. seems to be definitely better than that of the 
other types of otosclerosis, even of n.cl.o. The latter is, only apparently, 
non-cochlear. There is no apparent cochlear paralysis. However, 
there seems already to be a state of abnorm'al cochlear irritation or 
irritability. From this point of view, the n.cl.o. should be regarded as 
an irritant c.o., the c.o. as a paralysis c.o. But taking the prevailing 
clinical point I prefer to suggest the terms : n cl.o. and c o. 

It is obvious how different the table I (and also II) would look like, 
if b.c.d. and b.c.o., as usually, would be mixed up. 


Table II 

Percentage of Otosclerosis, and of Progressive Cochlear Deafness 
with reference to age. 


age 

' 119 cs 
Otosci 

! No 

ises of 
lerosis 

% 

47 c 
Prog C 

No 

ases of 
ochl Df 

0/ 

/o 

(b) 166 < 

Out of th 
Otoscl 

:ases of Ot 
Cochlear 
ese 100% 
Pro Coch 
Deafness 

osclerosis 
Deafness 
(c) Cut « 

ages 

+ Prog 

(=IOO“/e 

3ut of Ta 
Otoscl 1 

% 

resbive 

<) 

ible (rt) 
Cochl 
Dfn 

>30 

39 

33 

8 

*7 

83% 

17% ! 

1 >30 

and 

30-40 

64 

40 5 

30 — >40 

37 

3 * 

" 

23 5 

77% 

23% 

40 — >50 

19 

16 , 

II 

23-5 

63 5% 

36 5% 1 

60—70 

and 

<70 

5 

15 

50— >60 

18 

15 

to 

21 

55 5% 

5% 

60 ~ > 70 

5 1 

4 

5 i 

t. 1 

50% 

50% 

1 

70— <70 

I 

I 

2 

4 1 

33 i%| 

665% 

This IS reflected m 

1 the % figures of 
Table (&) 


*=119 

1 

' 100% 



! 



Comment. The three tables show that the percentage of all 
Otosclerosis cases referred to the age at the unselected term of e.\amina- 
tion decreases with growing age, which can not be related, at least up 
to the age of 6o, to the factor that out patient's clinics are less attended 
by people of higher age. Table (b) proves that an mtnnsic factor 
is in operation. Otherwise there would not be the definite difference 
between Otosclerosis and Progressive Cochlear Deafness (also illustrated 
on Table (c). This is obviously dependant on the factor, that the 
capacity of the cochlear nerve is being worn out due to the passive 
factor of gradual increase m congenital lack of resistance, — partly 
associated with " presbyacusis ” — ^ivhereas the abnormal active changes 
in the labyrinthine capsula, possibly onginating from the end of the 
second year of life, are in gradual decrease such as most of physical 
activities, of the human body. The prognosis has, therefore to consider, 
on the one hand, in a case of progressive cochlear deafness of, say, ,( 0 , 
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TEMPORARY DEAFNESS DUE TO GUNFIRE ‘ 

By N. E. MURRAY and G. REID (Captain A.A.M.C.) 

1 . Summary 

1. Exposure to gunblast which is not of sufficient severity to rupture 
the eardnims, causes inner-ear deafness which affects mainly the higher 
frequencies, but may, if the exposure is severe, extend as low as 256 c.p.s. 

2. The magnitude of the exposure necessary to produce a given degree 
of hearing loss varies with the individual ; but severe effects (i.e. with 
peak losses of. from 55 to 85 Db.) were commonly caused by exposures 
which were mild compared with what may be expected in action. 

3. Measurement of blast pressure in gun crew positions, indicated 
that the amount of damage to hearing a gun is liable to cause, runs 
parallel, roughly, with the peak blast pressure. 

4. Of those guns which were tested, serious hearing loss was caused 

by the 17 Pr., the 18 Pr., in a concrete emplacement, the short 25 Pr., the 
3-7 inch A. A. gun, and the mortars, especially the short 3 inch type. 
Peak pressures at the positions where this loss was caused, ranged from 
to 8 pounds per square inch. ^ 

5. Rupture of the eardrum occurred in position i of the short 3 inch 
mortar, where the blast pressure was from 6 to 8 pounds per square inch. 

6. Smaller pressures than these (e.g. about I pound per square inch 
from the rifle) will also cause severe loss of hearing, when a sufficient 
number of rounds is fired. 

7. Loss of hearing lasted from a few hours to several days. 

8. It is well known that the effect on hearing of inner-ear deafness is 
more noticeable at threshold than at higher levels. Usually in civil life 
threshold hearing is not very important, but with sentries, impairment of 
threshold hearing is of great importance, because they may be required to 
hear and localize the faintest of sounds. Of course when the deafness is 
as severe as occurred after firing the 17 Pr. the hearing of speech at 
ordinary conversation level will also be impaired. 

9. Cotton wool plugs are an inadequate form of ear protection. The 
Protector, Eardrum Aust. Mk. i designed by the Acoustic Research 
Laboratory, gave complete protection for as severe an exposure as may 
reasonably be expected in action. 

2. Introduction 

I. Although a considerable amount of work has been done in recent 
years on temporary deafness follo\ving exposure to aAoplane and tank 
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noise, almost no observations have been made on temporary deafness 
following exposure to giinblast Reports of severe deafness following 
finng of typical Australian Army jungle guns, the 25 Pr short, and the 
short 3 inch mortar made a more detailed study, particularly of these 
guns, desirable 

2 This paper, which is the first of a senes, is concerned with observa- 
tions on temporaiy deafness occumng in members of guncrews, in expen 
mental subjects e\posed near guns, and in men finng small arms, together 
with the results of blast pressure measurenjents in gun crew positions 
The amounts of temporary deafness resulting from the blast pressure 
from various guns and the practical aspect of these under operational 
conditions, are discussed A second paper (see Ref I, Reid, 1945) is 
concerned with the results of laboratory expenments and the elaboration 
of certain aspects not fully dealt with m this paper, and a third paper w ill 
report the results of a survey of the incidence of permanent heanng loss 
m artillery personnel 

3. Historical 

• 1 It has long been recogmzed that many artillery men and those who 

are exposed to blast become permanently deaf The earlier papers have 
been reviewed by Bunch in 1937 In recent years a number of new reports 
have appeared , Passe (1940), Scott (1940), Davis (1940), Craig (1940), 
Guild (1941), Alexander {1941), SchiUmg and Everley {1942), Fox (1943), 
Collins (1944), Taylor (1944), and Silcox and Schenk (1944) Some of 
these papers are concerned mainly with the rupture of the tympanic 
membrane, and indeed when one reviews the literature it appears that 
some authors appear unaware of the occurrence of inner ear deafness, 
and regard the detrimental effects of gunblast largely in terms of ruptured 
drums 

2 Bunch (1937), published audiograms of men permanently deafened 
as a result of blast from both large guns and small arms Audiograms 
of naval or military personnel exposed to gunfire were also published by 
Schilling and Everley (1942), and by Taylor (1944) Collins (1944) in 
the Western Desert, and Silcox and Schenk (1944) at Guadalcanal 
described the heanng Joss due to the effects of blast in battle casualties 
These reports as well as others m the literature, show that except when 
the middle ear is damaged by trauma or subsequent infection, the deafness 
is of the so called, inner ear or nerve type, and involves mainly the higher 
frequencies 

3 Nearly all the reports on temporary traumatic deafness have been 
concerned with hearing loss followung exposure to continuous noise 
Dickson, Ewing and Littler (1939) and Campbell and Hargreaves (1940), 
published audiograms before and after exposure to aeroplane noise 
Chamberlain (1942) examined four boilermakers before and after the 
day’s work, and Schilling and Everley (1942) mvestigated the immediate 
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TEMPORARY DEAFNESS DUE TO GUNFIRE • 

By N. E. MURRAY and G. REID (Captain A.A.M.C.) 

1 . Summary 

1. Exposure to gunblast which is not of sufficient severity to rupture 
the eardrums, causes inner-ear deafness which affects mainly the higher 
frequencies, but may, if the exposure is severe, extend as low as 256 c.p.s. 

2. The magnitude of the exposure necessary to produce a given degree 
of hearing loss varies with the individual ; but severe effects (i.e. with 
peak losses of from 55 to 85 Db.) were commonly caused by exposures 
which were mild compared with what may be expected in action. _ 

3. Measurement of blast pressure in gun crew positions, indicated 
that the amount of damage to hearing a gun is liable to cause, runs 
parallel, roughly, with the peak blast pressure. 

4. Of those gims which were tested, serious hearing loss was caused 

by the 17 Pr., the 18 Pr., in a concrete emplacement, the short 25 Pr., the 
3-7 inch A. A. gun, and the mortars, especially the short 3 inch type. 
Peak pressures at the positions where this loss was caused, ranged from i J 
to 8 pounds per square inch. ^ 

5. Rupture of the eardrum occurred in position i of the short 3 inch 
mortar, where the blast pressure was from 6 to 8 pounds per square inch. 

6. Smaller pressures than these (e.g. about ^ pound per square inch 
from the rifle) will also cause severe loss of hearing, Avhen a sufficient 
number of rounds is fired. 

7. Loss of hearing lasted from a few hours to several days. 

8. It is well knouTi that the effect on hearing of inner-ear deafness is 
more noticeable at threshold than at higher levels. Usually in civil life 
threshold hearing is not very important, but rvith sentries, impairment of 
threshold hearing is of great importance, because they may be required to 
hear and localize the faintest of sounds. Of course when the deafness is 
as severe as occurred after firing the 17 Pr. the hearing of speech at 
ordinary conversation level will also be impaired. 

9. Cotton wool plugs are an inadequate form of ear protection. The 
Protector, Eardrum Aust. Mk. i designed by the Acoustic Research 
Laboratory, gave complete protection for as severe an exposure as may 
reasonably be expected in action. 

2. Introduction 

I. Although a considerable amount of work has been done in recent 
years on temporary deafness follorving exposure to aeroplane and tank 
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3. 6 inch coast gun Mk. 7 on Mk. 2 mounting (4) 

4. 10 cwt. 6 Pr. Twin on mounting 6 Pr, Mk. i (3) 

5. Bofors 40 mm. A.A. gun (i) 

6. 9-2 inch B.L. coast gun Mk. 10 on mounting 
9-2 inch Mk. 7 (in turret) (2) 

7. 9'2 inch B.L. coast gun Mk. 10 on mounting 
9-2 inch Mk. 7 (outside turret)' {2) 

8 25 Pr. 5 Ik. 2 (6) 

9 17 Pr. Tank Attack Gun with muEzle brake (3) 

10. Short 25 Pr. gun (3) 

11. 4 inch Q.F. naval gun {3) 

12 Service rifle firing from hip (4) 

13. Service rifle firing from shoulder, (i) 

14. Service rifle firing in an enclosed space (2) 

15. 9 mm. calibre Owen gun (i) 

16. 9 mrn. calibre special submachine gun (3) 

17. Vickers machine gun (3) 

18. Bren machine gun (5) 

19. 2 inch mortar {4) 

20. 3 inch mortar (3) 

21. 3 inch' short mortar {2) 

4. Weapons investigaled : blast pressure measurements. These were- 
made at the ear positions of gun crews around the following guns : 

1. 25 Pr. Short 

2. 25 Pr. Mk. 2- • 

3. 17 Pr. Tank Attack , 

4. 6 Pr. Tank Attack 

5. 3 inch Mortar — Long 

6. 3 inch Mortar- — Short 

' 7. 2 inch Mortar 

8. 3'7 inch Anti-Aircraft 

9. Rifle 

5. Observations 

(a) Subjective Measuresiekts 

la. The threshold of hearing of the subjects was tested before and 
after firing, with a Western Electric 6b Audiometer. Those subjects 
whose ears were obstructed with wax were excluded, or the wa.x was 
removed. For most of the experiments the ear drums were examined, 
a Rinne test done, and in a few instances the bone conduction audiometer 
threshold was determined before and after firing. In most cases the 
audiogram was taken between 10 and 20 minutes after firing ceased, 
and in all cases within the first hour. Sometimes tests were commenced 
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effect of exposure to Diesel engine noise in submarines. A more com- 
prehensive investigation was carried out by Davis and his co-workers at 
Harvard (1942, 1943) on temporary deafness following exposure to loud 
tones and noise. This work, which was carried out under the auspices 
of the National Defense Research Committee of the U S.A., was related 
mainly to problems connected with the exposure of military personnel 
to the noise of aeroplanes and armoured fighting vehicles. 

4. On the other hand, experiments in which human subjects have 
been examined before and after exposure to blast are almost non-existent. 
Wilson (1942, 1944), described the temporary hearing loss in recruits 
after their first rifle shooting ; but he was mainly concerned with deter^ 
mining, in any particular subject, whether the deafening effect of a pure 
tone would be a satisfactory method of predicting susceptibility to gun- 
fire. Bunch (1938) described the onset of deafness after the explosion 
of a fire-cracker. 


4. Scope of Investigations • 


1. Location : These Experiments were carried out at the Coastal- 
Defence Batteries in the Sydney Area, the School of Artillery, 
Holsworthy, the Proof Ranges, Gellibrand and Port Wakefield, the 
Williamstown and Long Bay Rifle Ranges, and the Footscray Small 
Arms Factory. Acknowledgement is made to all who have facilitated 
the carrying out of observations in these places. 

2. No. of personnel examined : Sixty four unprotected ears of 35 male 
subjects, were examined before and after firing artillery equipment, 
small arms and mortars. Twenty-eight of these subjects were army 
personnel ; besides ourselves (G.R. and N.E.M.) there was a laboratory 
assistant (subject E.P.S.) and four others were medical students, one of 
whom had served in the artillery. The ages of the .subjects ranged from 
20 to 38 years. With the exception of ourselves and E.P.S. , the men 
were examined, after exposure to usually only one of the guns. When 
both ears were not being exposed simultaneously, the unexposed ear 
was protected by the ear plug designed by this laboratory (Protector, 
Eardrum Aust. Mk. i) and described in report No. 5 of this laboratory 
by Eccles and Murray (1943). This is a neoprene synthetic rubber plug 
of oval cross sectio7i to conform to cross section of the external auditory 
meatus. A tube of antiseptic lubricant {meithiolate in a lanoline base) 
is included with the plugs to gtiard against ear infections, especially 


in tropical areas. 

3. Weapons investigated : subjective measurements. Subjects, the 
number of whom appear in the parentheses, were examined, before and 
after the firing of the following guns; 

1. 3-7 inch A. A. gun (2) 

2. 18 Pr. in emplacement for coast defence (3) 
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3 6 inch coast gun Mk 7 on Mk 2 mounting (4) 

4 10 cwt 6 Pr Twin on mounting 6 Pr Mk 1 (3) 

5 Bofors 40 mm A A gun (1) 

692 inch B L coast gun Mk 10 on mounting 

9 2 inch Mk 7 (in turret) (2) 

792 inch B L coast gun Mk 10 on mounting 

9 2 inch Mk 7 (outside turret) (2) 

8 25 Pr Mk 2 (6) 

9 17 Pr Tank Attack Gun with muzzle brake (3) 

10 Short 25 Pr gun (3) 

11 4 inch Q F naval gun (3) 

12 Service nfie finng from hip (4) 

13 Service nfle finng from shoulder (i) 

14 Service nfle finng m an enclosed space (2) 

15 9 mm calibre Owen gun (i) 

16 9 mm calibre special submachine gun (3) 

17 Vickers machine gun (3) 

18 Bren machine gun (5) 

19 2 inch mortar (4) 

20 3 inch mortar (3) 

21 3 inch short mortar (2) 

4 Weapons investigated blast pressure measurements These were 
made at the ear positions of gun crews around the folloiving guns 

X 25 Pr Short 

2 25 Pr Mk 2 

3 17 Pr Tank Attack 

4 6 Pr Tank Attack 

5 3 inch Mortar — Long 

6 3 inch Mortar — Short 

' 7 2 inch Mortar 

8 37 inch Anti Aircraft 

9 Rifle 

5 Observations 
(a) Subjective Measuhements 

la The threshold of hearing of the subjects was tested before and 
after finng, with a Western Electnc 6b Audiometer Those subjects 
whose ears were obstructed with wax were excluded or the wax was 
removed For most of the experiments the ear drums were examined, 
a Rinne test done, and in a few instances the bone conduction audiometer 
threshold was determined before and after finng In most cases the 
audiogram was taken between 10 and zo minutes after finng ceased, 
and in all cases within the first hour Sometimes tests were commenced 


95 


/ 



N. E. Murray and G. Reid' 

,as early as 2 minutes after exposure, and in a large number of experiments 
the recovery was followed by a series of audiograms extending over 
several days. When hgu^ for loss of hearing are unqualified as to time, 
they may be regarded as being at a stage between 10 to.20 minutes after 
exposure. 

2a. The following frequencies were tested : 128, 256, 512, 1024, 
2048, 4096, 5793, 9747 cycles per second, and other frequencies when it 
appeared specially indicated. They were tested- in ascending order 
beginning at 1024 c.p.s. and the remaining frequencies in descending 
order beginning at 512 c.p.s. With practised subjects the whole test 
could be carried out, for one ear, in 5 minutes. Thresholds were 
approached from the region heard to .the region not heard, and the 
intensities recorded in 5 Db, steps. In the tables and illustrations the 
loss of hearing is represented relative to the subjects’ own pre-exposure 
threshold, and not, unless otherwise indicated, to the zero of the 
audiometer. . ■ ^ 

(b) " Average " and " Peak '' Hearing Loss 

ib. In the presentation of the results it was desirable to find a suitable 
value, which would express as simply as possible, the degree of hearing 
loss which had been produced in a subject, and which 'could be used for 
comparison purposes when hearing loss had been produced in one subject 
on separate occasions. 

2b. It is discussed in a later paper, how with increase in the severity 
of an exposure to which "an individual is subjected there is an increase in 
the loss of hearing as depicted in an audiogram., in both width and depth ; 
that is, there is an increase in the maximum loss at any frequency, and 
the effect spreads to involve frequencies previously unaffected. Full 
details of these effects are shown in the figures included in this paper. 
(Ref. i). * 

3b. To express simply in a single figure the magnitude of hearing, 
loss involved, it is necessary to know how the hearing loss suffered 
reacts on the ability of the subject to hear orders directly, through 
earphones, or amplifying apparatus, and also on the ability to detect 
sounds, especially when he is used as a sentry in jungle warfare. 
The sounds for which it will be necessary to use threshold hearing acuity 
will, in general, be of high pitch, such as the snapping of a twig, brushing 
of leaves or undergrowth b.y approaching enemy. The effects on the 
hearing of speech are largely related to the " average " hearing loss in 
the range 500 to 4,000, although they are almost as closely related to 
the average loss in the range 500 to 8,000. Where the use of the hearing 
at threshold, such as for sentries, is taken into consideration, as well as 
the types and extent of hearing loss produced by gunfire, the best single 
parameter for “ average ” hearing loss is that taken over the range of 
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4 octaves from 512 to 8192 cycles (This is a similar “ average hearmg 
loss ” measurement to that used for calculating deafness followng 
exposure to loud noise (Ref 17) ) Some comparisons can, therefore, 
be made with this work as to the relative seventy of loud tones an4 gun 
fire m producing deafness 

The maximum hearmg loss produced at any frequency through 
the range 128 to 8196 cycles may also be used as a simple measurement of 
her ring loss , the point at which the maximum heanng loss occurs 
diffenng with different people as shown in the audiograms This “ peak 
lobS has an advantage in that the length of time required for recovery 
IS a function of the maximum loss at any frequency rather than the extent 
of the loss in the frequency range Its value is also of use in the study 
of the onset of permanent deafness, which is related more to the peak 
loss at an}^ frequency than to the average loss over the whole range 
\\^ere a simple figure is necessary to explain the amount of hearing loss 
we have, in general, tabulated the “ average heanng loss ' and/or 
” peak loss ” defined above 

(c) Blast Pressure Measurements— Apparatus 

ic The measurements were made by means of Piezo Electric Gauge 
similar to that used by the Road Research Laboratory, England This 
is a Piezo Electric Gauge havmg a face of approximately an inch diameter 
mounted in a steel block This gauge was mounted in a headpiece and 
held in position over the ear The electrical impulses from the gauge 
were conveyed through the cable to an amplifier and cathode ray tube 
where the blast wave trace was photographed by a Contax camera with 
an F2 lens The amplifier used was resistance capacity low frequency 
compensated the time constant of the circuit, two seconds was suffi 
cient to pass the low frequency envelope of the blast wave , the upper 
frequency range extending approximately flat to 100 kc Three stages 
of amplification were used to give a sufficient output voltage for full 
deflection on the face of the cathode ray tube 

2c Imtially the single sweep was actuated by a gun mount switch 
which operated immediately on recoil of the gun barrel Later a pilot 
gauge was used ahead with the mam gauge to initiate the sweep and switch 
on the beam of the cathode ray tube a few milliseconds before the blast 
wave reached the ear Calibration of the gauge for blast pressures was 
earned out in the laboratory by means of a small pressure chamber 
carrymg a calibrated pressure gauge The pressure chamber was suddenly 
decompressed by bursting a diaphragm Check cahbrations were carried 
out, m the field, by means of a stable oscillator, the output of which was 
checked and impressed on the input circuits, with the cable and gauge 
attached, through a voltage dividing network The frequency of the 
oscillator was chosen to facilitate its use also for time calibrations 
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6. Subjective Results 

(a) Temporary hearing- loss of men in the vicinity of guns. 

la. Audiograms of various subjects after exposure to most of the 
guns_are illustrated in figure i (pages 99, 100, loi). These illustrations 
were chosen so as to sho-w a selection as representative as possible of both 
weapons and ears. There were also many subjects who after exposure 
showed greater losses than those illustrated in figure i but these subjects 
had such permanent or unrecovered deafness before exposure that an 
audiogram showing the loss relative to the subjects’ pre-exposure threshold 
would have been misleading. (See figure 2a, page 103). 

2a. The hearing losses of the 35 unprotected subjects as well as of 
2 others wearing cotton wool and one female subject are set out in table 
5 in the appendix. Despite the variation m sensitivity from one subject 
to another, it can be stated that among the large weapons, which have 
been tested, the most serious effects were caused by the 17 Pr. with 
muzzle brake, the 18 Pr. in a concrete emplacement, the short 25 Pr. 
gun, the 3 • 7 inch A. A. gun, the mortars especially the short 3 inch type, 
and outside the turret of a 9-2 inch B.L. gun. With these guns com- 
paratively few rounds produced in one or more subjects' a peak loss of 
55Db. or more at some frequency between 2048 and 8192 c.p.s. It will 
be shown later that these effects run roughly parallel with the magnitude 
of the peak blast pressure. 

3a. The two worst positions at which subjects were exposed were at 
No. 2 position of the 17 Pr. T/A gun (7 rounds) and at No. i position 
of the 3'inch short mortar (z rounds). In both cases peak losses of 85 Db. 
were produced, and the second of the two rounds from the mortar caused 
rupture of the eardrum. For the short 25 Pr., sensitive subjects were 
not exposed in the worst positions. 

4a. . It is likely that the other large weapons, particularly the 25 Pr., 
the 6 inch coast gun, the 4 inch Q.F. Naval gun, and the 40 mm. Bofors 
A.A. gun would produce greater degrees of hearing loss than were obtained 
in the experiments -with these particular guns had exposures been more 
prolonged. The last named gun caused no effect in the one subject who 
was exposed ; but tests could not be made until one hour after exposure. 
Guns such as the 9*2 inch, the t-win 6 Pr., and the 4 inch Q-F. Naval guns 
in which the crews or some of them are protected by turrets produced 
negligible effects. Such as were recorded, are due either to open hatches, 
or possibly to the general high noise level. Nevertheless circumstances 
may occur when men are exposed outside turrets, such as, for example, 
on the bridge of a ship, and it should be noted that when subjects were 
exposed outside the turrets, deafness, was produced even after the few 
rounds which were fired. 

■;a Turning to the small’ arms, it was surprising to find that peax 
hearing losses of the order of 50 to 70 Db. were commonly produced, 
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and that the rifle appeared for a given number of rounds more effective 
than a machine gun firing in a burst. One factor contributing to this 
result, is that when rounds are fired very rapidly (e.g. at 500/minute), 
the ear becomes protected after the first round of the series by means of 
the intra-aural reflex. When shots are separated by an interval of several 
seconds, each impulse reaches an ear which is unprotected, because the 
latent period of the intra-aural reflex is longer than the duration of the 
blast wave. These facts are illustrated by the audiograms of subjects 
exposed to firing of the Bren gun at two different rates of fire (see figure 
iT and lU). 

6a. This study also shows that the small arms are particularly 
damaging, when fired in a relatively enclosed space. In practice this 
occurs at proof ranges, but similar conditions may arise in action when 
there is house to house street fighting. 

(b) Effect of Firing on Subjects already permanently deaf. 

ib. Usually those subjects who had much permanent deafness were 
unsuitable as experimental subjects. Generally speaking such subjects 
were relatively insensitive to blast. Nevertheless some gunners, already 
permanently deaf were made even more so after exposure. Figure 2a 
(page 103) shows the audiogram of the right ear of subjects F.J.B. who had 
been an infantryman for two years, after which for the past year he 
had been an artificer at a proof range': The upper and lower curves are, 
respectively the audiograms of this subject, before and after flring from 
the hip, 350 rounds from the rifle in a period of five hours. These curves 
are drawn relative to the zero of the audiometer. Figure zb shows the 
audiogram of the right ear of subject who had been in a 25 Pr. gun crew 
for two years. The lower curve was made 45 minutes after exposure in 
position 2, to 18 rounds (15 charge i, and 3 charge 3) of the 25 Pr. Mk. 2. . 

(c) Frequencies 'involved and nature of the deafness 

ic. It can be seen from figure i that with all of the guns the loss 
of hearing occurs mainly in the upper frequency range, usually with the 
peak loss between 4096 and 8192 c.p.s., sometimes between 2048 and 
4096 c.p.s., and exceptionally between *1024 and 2048 as in figure lY. 
With severe exposures the effect spreads to involve lower frequencies. 
The variations in the shape of the audiogram which are met with are 
discussed more fully in a later paper. It suffices to state here that the 
variation depends on the subject himself and the number of rounds 
rather than on the type of gun (e.g. whether it causes subjectively, a 
" boom ” or a “ crack ”). See section 8a. 

2C. The Riime test was always positive with the 512 fork, the result 
of this test as well as that of the bone conduction audiometric examina- 
tions, indicating that the deafness is of inner ear or nerve origin. When 
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deafness was produced in ourselves we obserA>^ed the phenomenon of 
loudness recruitment which is so characteristic of this kind of deafness. 
This is discussed in section 9. Quantitative -observations of this pheno- 
menon are fully reported by t)a\ns et al. (ref. No. 17b), in deafness 
foUo\ving exposure to loud noise. 

3c. Occasionally there was a slight loss of about 10 to 15 decibels at 
128 or 256 c.p.s. imassociated vith a loss at 1024 c.p.s. or with a great 
loss in the higher frequencies. This is possibly attributable to the con- 
gestion of the eardrum, particularly along the ‘handle of the malleus, 
which was sometimes observed. 

(d) Rupture of the eardrum 

id. Gmmers and subject G.R. had, early in these investigations 
been exposed to blast pressures of the order of 6-8 pounds per square 
inch, vithout rupture of the eardrum. As our experience grew we became 
reluctant to expose subjects unprotected, to such high pressures because 
of the degree of deafness which was caused and because reports were 
common, of gurmers who suffered ruptured eardrums in gun positions 
where blast pressure was probabty not greater than this value. 
Measurements of blast pressure in Position i of the Short 3 inch mortar 
had indicated that the peak blast pressure here, was of the same order 
(6-8 pounds per square inch) as that caused in some positions of the 
17 Pr. gun where subjects had already been exposed. To minimize 
possible damage, it was decided to expose the right ear of N.E.^M. in 
position I of the short mortar, and fire one round onty, examining the 
ear before firing further rounds. 

• 2d. One such round caused considerable pain and very severe 
tinnitus ; an audiometric examination begun 5 minutes afterwards 
showed a peak loss of 75 Db. at 4096 c.p.s. (see figure 3a, page 105). After 
80 minutes, exposure was made to a second round, which resulted in a 
further loss of 15 Db. at 5793 c.p.s. -bringing the peak loss to 85 Db. at 
this frequency. The audiogram is shown in figure 3a. There is no 
further change at 4096 or 2048 but there is a further loss of. 10 Db. at 
512 and 1024 c.p.s. This round resulted in rupture of the eardrum \vith 
bleeding from the ear, which may have accounted for the 10 Db. increase 
in the lownr frequencies ; but it is interesting to note that a Rinne test, 

I hour, 24 and 48 hours after exposure, wns positive with a value of 20 
seconds. The audiogram was roughly similar in shape to that foUowang 
the first shot, and for some days the loudness recruitment characteristic 
of nerve deafness was clearly obseiAnble in the higher frequencies. In 
other words, in the absence of infection the deafness, despite the tom 
drum was largely of inner ear origin. Figure 3b shows the recovery 
curves from this exposure. The lag in the recovery from the lower 
frequencies (which usually are the first to recover, and recover in a few 
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hours) IS probably due to the ruptured eardrum The upper curve o£ 
figure 3b shows the state of this car 2 months after exposure A peculiar 
feature 15 the complete lack of any real recov ery at 8196 cycles, although 
there was almost complete recovery below this and some recovery at 
9747 At the time of wnting, two months after exposure, there remain 
ed a small clot on the eardrum sealing the rupture The loss at 8196 
shown persisting this time afterwards, may be considered permanent 

(e) Recovery 

le This aspect is more fully discussed in a later paper The curves 
in figures 1, 3 and 4, pages 99, 100, loi, 105, 106, indicate the way in which 
recovery occurs, and show that when the initial loss is severe deafness is 
still appreciable 15 to 23 hours after exposure The audiograms of 
subject G R after exposure to 7 rounds of the 17 Pr T A gun with muzzle 
brake, and of N E M from 2 rounds 3 inch Short mortar, show that 
recovery was still incomplete six days af terw ards (See figure 3 and 4 ) 
The practical aspects of these recoverj' times are discussed in Section 
II, page 118 

(f) Variatioiv in sensitivity trom subject to subject 

if It IS apparent from an examination of table 5 in the appendix 
that there is considerable vanation in sensitivity among different subjects 
Tor example the figures for hearing loss from the Long 3 inch mortar 
(see Appendix) are unimpressive, despite the fact, as will be shown 
later, that the blast pressure was of an order comparable with that 
which had caused considerable hearmg loss in other subjects The 
subjects available in the more severe positions for this expenment were 
relatively insensitive, and only four rounds were fired In contrast 
to this result, the 2 inch mortar (see Appendix) caused considerable 
loss of heanng in the sensitive subjects who happened to be available 
on that occasion, despite the much lower blast pressure which is produced 

af For this reason and because of the fact that the number of 
rounds and rate of fire were not standardized, it was not possible to 
compare the effects of various guns and at various gun positions, except 
in a general way With the exception of ourselves and EPS, subjects 
were usually exposed to only one of the gun positions Sufficient data 
however, was accumulated, from the records of hearing losses of these 
and other suitable subjects, to clearly indicate which were the effects 
likely to be caused by the vanous weapons, and to correlate such observa- 
tions with blast pressure measurements By this means it becomes 
possible to state that a weapon, such as the 3 inch Long mortar will 
commonly produce serious loss of heanng, despite the fact that the 
experimental subjects exposed to the blast from it, were unaffected in 
the particular expenment reported here 
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(g) Hearin'g lo'ss from various guns for same subject 

ig. A comparison of the effects of a large number of exposures caii 
most satisfactorily be made from the study of the records of a single 
subject. In table i, below, the average and peak losses sustained by 
subject G.R. are set out. It should; however, be noted that a decrease in 

• table I 


Hearing Loss from various guns for same subject (G.R.) 



) 

Hearing Loss Db. 

• 

Gun, Position and Ear | 

Rounds 

Average 1 

Peak , 



per time 

512-8196 I 


Date 

1 

1 

c.p.s. 1 



1 

17 Pr. with muzzle brake 
Pos. 2, R. ear 

1 

7/4 mins. 

! 

49 1 

85 

1 

29 * 6*44 

18 Pr. in concrete emplace- ! 
ment Pos. i. L.'ear i 

20/40 mins. 1 

1 

32 1 

75 

! 

I 7 - 6-44 

25 Pr. short Pos. i, and 1 

1 




4, L. ear 

zo/iio minS. 

22 

55 

. 7 - 7-44 

• 9-2" B.L., outside turret, 

L. ear 

10/90 mins. 

1 

22 ' 

1 

50 

21 •6-44 

3 "7" A. A., Pos; 4 L. ear 

' 1 1/8 mins. 1 

20 

55 

29 - 5-44 

Rifle from hip, 

' 80/15 mins. 

I 

65 

10*10*44 

L. ear 

80/30 mins. 

1 18 

55 

20* 10*44 

6" coast (J charge), behind 
facing sideways, R. ear 

1 6/5 mins. 

1 

, 14 

30 

20-6'44 

4" Q.F. Naval, outside 
turret, L. ear ' 

1 

- 1 

1 6/2 mins. j 

10 

. 35 

I 3 - 7-44 

Vickers M.G., opposite 2, 
facing sideways, L. ear 

1 1 

' 60/10 mins, 

in bursts of 15 

8 

1 . 

30 

12*10*44 

9 mm. submachine gun 

30/10 mins, 
in short bursts 

1 ^ 

20 

i8- ro-44 

Rifle firing from shoulder 

10/2 mins. 

, 1 
1 6 

2*; 

1 r 

26- 10-44 

25 Pr. (17, ch. I ; 3 ch. 3), 
Pos. 6, L. ear 

20/75 mins. 

5 

15 

28-6-44 

Bren gun in small j'ard. 

28/8 mins. 

5 

20 

2-II-44 

partly roofed, next to firer 

L. ear 

singly 

1 25/ 1 mins, 
in 5 bursts 

I 

15 

26- 10-44 

Owen gun, R. ear 

2 50/ 10 mins. 

I 

10 

10* 10*44 

in short bursts 



•4 

Vickers Pos. i 

120/20 mins, 
in burst of 15 

I 

5 

0 

H 

Bren gun as above L. ear 

28 in one burst 

I ! 

5 

2*11*44 

. - 
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susceptibility with repeated exposures may have contributed to these 
results, and for this reason the dates of each exposure are set out in the 
table The question of decrease in susceptibility is discussed in a later 
paper (Ref i) 

2g Some of these figures do not give a true impression of the 
damaging effect of some of the guns, because there are gun positions 
likely to be more injurious than those occupied by this subject However, 
as pointed out above, “after the severe effects following exposure to the 
17 Pr and the 18 Pr in the concrete emplacements had been produced 
it w'as felt to be unwise to repeat such exposures Thus with the short 
25 Pr. the position least likely to affect heanng was occupied 
Four groups' of tw'o rounds were fired with intervals between each group 
of 18, 15 and 23 minutes The peak loss in Db at 4096 c p s after each 
group was 20, 25, 30 and 40 respectively After 50 more minutes position 
4 was occupied, after which, the peak loss at 4096 c p s was 50 Db but 
this position caused so much pain that continuation of the exposure 
after two rounds was not practicable 


7. Blast Pressure Measurements 

(a) Tabulation of Blast Pressures of Typical guns and Mortars 
la Figures for the maximum positive pressures, taken at the ear 

position of the subject, are presented m the following table, each figure 
representing a single measurement The positions occupied are set out 
in figures 5, 8, 9 apd 10 

(b) Blast Pressure Photographs 

ib Photographs of the oscillograph tracings of the blast pressure 
curves are reproduced for the short 25 Pr , (figure 6), 18 Pr in concrete 
gun emplacement (figure 7), 3 inch Short mortar (figure 8), 3 inch 
Mortar (figure 9), 2 inch Mortar (figure 10) and the rifle (figure ii) 

2b A feature of the pressure curves of the large guns and the 
mortars is the presence of several pressure peaks in the record The 
initial peak is not usually the greatest This is characteristic in general 
of flashing propellants and would be enhanced when normal charge is 
fired from a shortened standard gun as occurs with the Short 25 Pr and 
the Short 3 inch Mortar The presence of several peaks is particularly 
marked in the records obtained when the mortars w^ere fired It w’ould 
appear from our observations that the closer to the muzzle the gauge is 
placed, the greater is the number of peaks Further away the pressure 
time curve of the blast wave becomes simpler in form The tw^o 
distinct phases seen m the mortar records are due possibly to incomplete 
detonation within the barrel of the weapon, a considerable secondary 
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TABLE 2 

Blast pressures at ear positions around guns ‘ 


Gun 

Position 

\ 

1 Ear 

1 

' Subject 
facing : 

Ma-ximum positive Blast 
Pressure (Ibs/sq. inch) 

25 Pr. short 

2 

Right 

1 

Sidewa 3 's 

6*0 

7*5 

6*7 

(charge 3 ) 

4 

Left 

Sidewaj^s 

3-8 

, 6*7 

4*9 


I 

Right 

, Sidewaj's 

3*3 

2*6 



2 

Left 

Forwards 

5*7 

6*9 




Right 

1 Forwards 

7*6 



3 inch mortar short 

1 

Right 

, Forwards 

7*0 

5*7 


(Bombs Mk. 3 , 95 gr. 

2 

Left 

Fonvards 

7*8 

8*4 

7*5 7*3 

baliistite and la sec. 

3 ’ 

Left 

Sidewaj's 

5*7 



charges each 113 gr. 

4 

Left 

Sidewaj's 

5*0 



cordite W.M. 107 ) 


. 





3 inch mortar long 

. I 

Right 

Forwards 

3-5 

2-8 


(Amm. as above) 

2 

Left 

Fonvards 

4-7 

3-2 



3 

Left 

Sideways 

3-5 




4 

Left 

Sideways 

1-3 



17 Pr. T.A. gun 

2 

Right 

Sideways 

6-9 

7-9 


with muzzle brake 

4 

Right 

Sideways 

7-4 



(A.P. Shot -A.C. . 

6 

Left 

Sideways 

6-8 



Service Charge) 







18 Pr. in concrete 

To R. 

Right • 

Fonvards 

6-9 

7-0 

7-0 

emplacement as 

of 2 






coast gun 

I 

Left 

Fonvards 

3-8 





Right 

Fonvards 

4-6 



(Car. Q.F. 18 Pr. 

Amm. 

Right 

Fonvards 

3-8 



H.E. plugged) 

No. 







Behind 

Right 

Fonvards 

4-7 




I 

(close to 

wall) 



‘ 





(Charge 3 ) 

(Super Ch.) 

25 Pr. Jlk. 2 

2 

Right 

Sideways 

2*7 

3-4 

^ 2-6 3-4 


2 

Left 

Sideways 

I *6 


1-2 



Right 

Fonvards 

2*1 


2-4 


2 

Left 

Fonvards 

2*8 


2-1 


I 

Right 

Fonvards 

I • I 

1-3 

0-9 0-8 


4 

Left 

Sideways 

2*3 

2 - I 

2-3 1-6 

2 inch mortar 

I 

Right 

Fonvards 

1*3 

1-5 

1*6 

Bombs M.E. Jlk. i 







55 gr. Baliistite 

to R. 

Left 

Fonvards 

1*8 

2*0 


blue cart, paper 

of I 






Rifle 

Hip 

Right 

^ 

0-3 

0-25 

0-21 0.15 



Left 

— 

o - 18 

0-25 

O'.zs 


Shoulder 

Left 

— 

0-15 

0-21 

0-15 



Right 


0-21 

0-25 

0-15 


no 
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flash taking place outside. It is interesting \vith reference to tbse 
observations that the relatively simple curve shown for the rifle is replaced 
"by a record showing a rapid series of positive and negative waves when Ik 
gauge is placed within a few inches in front of and to the side ol ik 
muzzle. 

3b. In the 18 Pr. record tlrere is a late secondary peak, possibly 
attributable to reflection from the roof or wall of the emplacement 
The investigation.of blast waves from guns in relatively enclosed spaces 
required further study. It is clear that the 18 Pr. gun when used as a 
coast gun in its emplacement with roof, rear and side walls, is much more 
detrimental to hearing than when used in the open as a field gun. 

8. Relation of Blast Pressure Measurements to Aural E5ects 
(a) Features of blast wave likely to affect the amount of .auE.u 

DAMAGE - 

la. l^flien we attempt to find features of the blast wave which an 
most important in relation to hearing loss caused, \ve may consider th 
following ; — 

(a) hlaximum positive blast pressure, 

(bj Maximum positive impulse, i.e., the integration of the blast pressur 
time curve over the positive impulse. 

(c) Number of peaks in blast wave of harmful magnitude, 

(rf) Time betw^een peaks in- blast wave curves. 

(e) Frequencies involved and their relative magnitude. 

2a, From American data, which we have, it appears that the 
maximum -energy is found in the region of 100 c.p.s; If we consider that 
the effect on hearing from a blast wave is similar to that from noise'”' 
loud tones we would expect the hearing loss to be mainly in the lo\'U 
frequencies at about 128-256 cycles (ref. -17). This would be modiki 
the fact that higher frequencies are more effective in producing 
hearing loss than lower, frequencies. An examination of our results d 
hearing loss in figure i and table 5 appendix showed that peak heanng 
loss most commonly occurred in octave 2048-4096 or 4096-8192. Abo 
types of audiogram were more consistent front gun' to gun on the one 
person than from person to person on the one gun. Detailed analysis 
of the freq^uency'^ spectrum from gun blast was not considered useful for 
our purpose of relating blast pressure measurement to hearing loss. There 
are considerable physical differences between loud noise and blast waves 
of the order we are interested in here. The loud noise is only approxi- 
mately -001 Ib./square inch maximum pressure. Also blast waves are 
shock fronted. 

3a. Effects from (c) and (d) are inter-related, \\flien it was 
observed from our hearing loss diagrams that bursts of gun fire were 
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No 2 position 
Right Ear, 
Facing s-dcuajs 


No 2 Position 
Right Ear 
Facing forward 


No 2 Position 
Loft Ear 
Facing forward 


No 4 Position 
Left F ar 
Facing sideways 


No 1 Position 
Facing forward. 


Fig 


25 Pdr short gun 


fbj/s^ tn fbs/Sq m //? /r 7 /bs /s<^ 


Beside Xo. 2 
Right Ear. 
Facing forward. 


Ammunition Xo 
Right Ear. 
Facing forward. 





tn. secs. 


Behind 1. 

Immediately in front of rear 
wall. 

Right Ear. 

Facing forward. 



m. secs. 



Fig 7. 

18 Pdr. gun in concrete emplacement. 



No ’ Position 
I c/t Ear 



No 1 Position 
I?i^,ht Far 


No 3 Position 
Left Ear 


a 






No 4 Position 
Pijjht Ear 



a 


Fig 8 

3 in short mortar 



Left Kar. 

Firing from hip. 


I 


r~f 


b-s 




to 

-i— ^ 

S^cs, 


20 

JL 


Left Ear. 

Firing from slioulder. 




to 

-J-.. . L 

ttr. secs. 


20 


Fig. II. 

303 short Lee-Enfield. 
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reasonable measure of the hearing loss to be expected in other sensitive 
subjects fromdhese or other guns, from an exposure of approximately 
ten rounds. This number of rounds (lo) is sufficient to even out large 
individual differences in resultant hearing loss likely to occur if com- 
parisons are made from exposure to single rounds. 

It is suggested therefore that the best subjective criterion for measurement 
of hearing loss from gunfir'e is .the hearing loss caused by exposure to lo 
rounds. This could be known as the “ Ten Round Hearing Loss 

Care should be taken that on guns, known from measurements of 
blast pressure as being able to rupture eardrums in the worst positions, . 
experimental subjects are only exposed in the less severe positions where 
the pressure is less than 4 lbs. per square inch. 

4b. The increase in hearing loss with number of exposures has been 
studied in a subsequent paper (ref. i, Reid 1945), so that approximate 
figures can also be obtained for the exposure to a different number of 
rounds. 

TABLE 3 

Hearing Loss from various Blast Pressures for a subject of average 
SENSITIVITY (G.R.) 


Gun 

Rounds 

Loss Db. • 
Average — ^Peak 

Mean Peak Blast 
Pressure at Posi- 
1 tion occupied 

1 Lbs. per sq. in. 

17 Pr. T.A. with-muzzle brake 

■ 7 * 

49 

85 

7 

18 Pr. in emplacement 

20* 

42 

75 

4‘5 

Short 25 Pr. (Pos. i) 

8* 

17 

45 

3 

25 Pr. Mk. 2 

20* 

5 

1 

15 

1-8 


* This subject is approximately constant for hearing losses from exposures between 
7 and 20 rounds (see 8b.3). 


5b. From the above curves and from blast measurements taken of 
the worst positions of the Short 25 Pr. we would expect this gun in the 
worst position to cause particularly severe hearing losses although no 
subjects were actually exposed in these positions. We have no records 
of the loss of hearing of the 6 Pr. T.A. gun when fired. Blast pressures, 
however, were measured at the right ear of No. 2 and were fdr three 
readings 3 • i , 3 • 4, and 3 • 3 lbs. per square inch respectively. Considerable 
hearing losses, are therefore, to be expected from this weapon. 

fib. While table 3 and figure 12 have been drawn for a number of 
rounds, so as to get an approximate equivalent exposure, it is to be 
noted that severe hearing loss can occur from a single round from the 
higher pressures ; thus N.E.M. suffered an average hearing loss of 38 Db. 
with a peak of 75 Db. from a single round of a 3 inch Short Mortar, 
(figure 3a, page 105). 
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(c.) “ Otologically Safe ” limits 

ic. (a) To prevent Deafness. It has been stated in the past, that in 
order to prevent loss oi hearing peak blast pressures should not exceed 
2 • 5 pounds per square inch, and when the ear is plugged with dry cotton 
wool this limit is 7 pounds per square inch. Our results show that lower 



<8 


BLAST PABSSUBES v HEARING LOSS 
SuBjeEr OF Aybbaoe Sbus/tivity. 

EFFECT OF TEN ROUNDS AT SHORT WTERt/ALS 
(*Ttn Round Hearing Lass’') 


pressures than these will deafen, even though no discomfort be expenenced. 
For e.xample, the rifle which produces a peak pressure about one quarter 
of a pound caused loss of hearing in several subjects, firing from 80 to 
several hundred rounds. Cotton wool did not protect subjects exposed 
to pressures of the order of 4-7 pounds per square inch. (See section 10. 
page ri6.) 

2C. (6) To Prevent Rupture of the Eardrums. The work of 
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Zuckerman et al. at the time of the air raids on Great Britain indicated 
that peak blast pressures of the order of 15 to 50 lbs. per square inch 
•nail cause rupture of 50 per cent, of human eardrums. Some instances 
are also recorded there of drum rupture from blast pressures from bombs 
estimated to be as low as 2-4 lbs. per square inch. It is known, however, 
both from evidence in the literature and from conversations with artillery 
officers, that ruptured eardrums occur in gun crew members (exposed 
probably to blast pressures of the order of 6-8 lbs.). It is important, 
therefore, to record rupture of the tympanic membrane when the pressure 
was fairly accurately known — that is, 6-8 lbs. per square inch at position 
I of the Short 3 inch mortar. (See section 6d, page 104.) 

9. Glassification of Weapons in Respect to Aural Effects 

I. The relationship between’ peak pressure in hearing loss makes it 
possible to tabulate the various guns in the following order with reference 
to need for protection of hearing. 

(a) Peak Pressures~of 4-8 lbs. per square inch.- Protection imperative : — 

to prevent rapid hearing Joss, and ruptured ear drums in some 
subjects. ■ ' 

Short 3 inch Mortar. - - — 

Short 25 Pr. 

17* Pr. T.A. gun with muzzle brake. ' 

18 Pr. in concrete emplacement. 

3 inch Long Mortar. 

(b) Peak pressures of i|-4 lbs. per square inch. Protection essential : — 
to prevent hearing loss. 

6 Pr. T.A. gun. 

3-7 inch A. A. gun. 

25_Pr. Mk. 2.' ■ 

2 inch Mortar. 

(c) Peak pressure less than ij lbs. per square inch. Need for protection ■ 
varies with circumstances. 

Protection essential : — 

Bofors, 2 Pr. guns, and small arms, at proof ranges. 

Protection desirable. 

Bofors, 2 Pr. guns. 

Protection doubtful. 

Inside gun turrets. 

10. Means of Protection from Gun Blast 
I. In no case, when one ear was exposed and the other ear protected 
by the* Acoustic Research Laboratory earplug (ref. 24) known in the 
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Army as Protector Eardrum Aust. Mk. i, was deafness-detected in the 
protected ear. In order to test th'e protection given by these plugs in 
as severe an exposure as may be expected in action, the following experi- 
ment was made. The i8 Pr. in a concrete emplacement was used, 
because it is known to cause in these circumstances, very high blast 
pressures of the order from 4-7 lbs. per square inch, and it was possible 
to be present when several hundred rounds were fired from this gun. 
Six ears of four subjects, protected by cotton wool and seven ears of 
four subjects protected by the Protector were examined before and after 
firing. The results are set out in the following table ; — 


TABLE 4 

Exposure to blast pressures of 4-7 lbs per square inch 

Effect of Cotton Wool and Protector Eardrum Aust Mk i 







Hearing 





No of 


Loss 


Subject 

j Position 

Rounds 

Protection 

Av. 

Ma\ 

Remarks 

RG 

Left 

2&3 

i6q 

Cottonwool 

ml 

1 ml 



Right 

a <S. 3 

160 

- 

26 

52 

See fig 1 L page loo 

GRY 

Right 

Amm 

No 

130 

•• 

7 

20 


TRE, 

Right 

Van*. 

130 


nil 

ml 

Complained of paiij 



ous 







Left 

.. 

130 

•• 

-* 

•• , 

.. 

LB 


3 

j 

•• 



Sf'.e 3 .V 3 00 

GR 

Right 

Van- 

250 ! 

Protector 

ml 

nil 



ous 

1 

Eardrum 
Aust >lk I 






Left 

„ 

*250 

„ 




EPS 

Right 

I 

220 

„ 





Left 

1 

220 





NEM 

Right 

I 

80 






Left 


80 

•• 




R B R 

Right 

2 & 3 



•• 

•• 



2. That cotton wool is an unreliable form of ear protection has 
long been recognized (Passe 1940, Guild 1941 and Taylor 1944). It is 
illustrated here by the audiograms of R.G. and L.B. in figures iL. atid 
iM , page 100. On the other hand subject GvR., protected by Protector 
Eardrum Aust Mk. i suffered no discomfort or loss of heanng after 
exposure to 250 rounds although 20 had caused considerable loss in the 
unprotected ear. (See figure i J., page 100 ) The only effect noticed with 
the plugs, was nnging, which occurred rarely and lasted never more th^n 
a few seconds after each shot. 
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3. In these 'experiments the cotton wool was inserted by the wearers 
and appeared well inserted. They were experienced gunners and were 
accustomed to the use of cotton wool. - 

4. It is clear from the above remarks, as well as from other evidence 
extending back to the first world war, that cotton wool is insufficient 
ear protection, and that artillery personnel require adequate protection 
such as is provided by Protector Eardrum Aust. Mk. i in order to prevent 
hearing loss. 

5. To what extent infantrymen firing rifles or sub-machine guns 

require protection cannot at present be stated. This study shows that 
deafness commonly follows small arms fire ; but the answer to the .prob- 
lems (that is, protect the ears) is not so simple as with large guns, except 
in proof ranges. This is because the infantryman requires good threshold 
hearing, not only when he is on sentry duty after a day’s action but 
during the whole .period he is on -patrol using his weapons. The question- 
of how seriously the inf antr}'man is deafened by small arms requires 
further exploration in the field. , . 

11. Significance of Deeifness following Gunfire 

1. The figures given and the graphs drawn represent threshold 
hearing losses. Thus a threshold loss of 30 decibels at, say, a frequency 
of 4096 c.p.s. means that a tone of that frequency which is just heard by 
a normal ear must be raised in intensity 30 Db. in order to be just heard 
by a deaf ear, that is, its energy value must be increased 1,000 times. 

2. This does not mean that a tone of greater intensity (say 50- Db. 
above threshold) must be raised by a. similar amount, that is 30 Db., in 
order to sound equally loud to the ear with a loss of 30 Db. at threshold. 
Actually it is characteristic of the deafness due to noise or gunfire that 
the loss of perceived loudness is not constant but is variable in the sense 
that it diminishes rapidly as the intensity of sound is increased. Con- 
sider, for example, a normal and a deaf ear differing in acuity at threshold 
by a given number 'of decibels. With sounds at the level of ordinary 
speech (60-70 Db.) the difference in the sensation of loudness between 
the two ears may be considerably reduced from the original difference at 
threshold intensity, and reduced even more so at the level of the noise 
in planes and tanks. The extent to which this occurs will depend on 
the size of the threshold loss. 

3. The deafness produced by gunfire may be, therefore, of importance 
in : — 

(a) affecting the abihty to hear sounds at threshold level, 

or ' ' 

(b) affecting the ability to hear speech at various levels of intensity. 

As pointed out above, the first of these effects is much more obvious than 
the second and it must be added that in everyday civil life threshold 
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hearing is not usually of great importance This should not be taken 
to belittle the importance of a threshold loss due to gunfire because in 
conditions of quiet, when an enemy may betray his presence by the 
slightest noise, threshold hearing acuity, at once becomes of the greatest 
importance Moreover, many of the sounds which it is important to 
detect may contain a lot of high frequency components, that is, the 
rustle of leaves It is for this reason that the importance of protecting 
hearing should be impressed on men exposed to gun and mortar fire 
With many of the hearing losses recorded in these experiments the 
individuals would be impaired as sentnes for several days WTiere the 
men were again exposed before recovery the deafness would tend to 
become incremental and ultimately very great There is also much 
evidence, not' presented here to indicate that deafness ultimately becomes 
permanent, especially where exposure again occurs rvithout complete 
recovery , 

4 One other point requires emphasis Usually one ear is more 
affected than the other This means that not only will a subject have a 
threshold hearing loss but his localization of faintly audible sounds may 
be seriously impaired The importance of this to a sentry is too obvious 
to require further elaboration 

5 So far as the ability to understand speech is concerned, much of 
the heanng loss particularly when the effects of gunfire were slight, hes 
outside the range which is of chief importance for the heanng of speech 
When the exposure is more severe as m figures i, C, D, J, M, R, T, Y, 
pages 99, lOO and loi, the speech range is involved The maximum losses 
in these figures for the frequencies 512, 1024, 2048, and 4096 were 
respectively 15 Db , 35 Db , 70 Db , and 85 Db Subject G R found 
considerable difficulty in hearing ordinary conversation in his right ear 
after the expenment of figure iC , page 99, and subject F J B after the 
expenment of figure 2a, page 103, was deaf to all but loudly shouted 
conversation 

6 How then does the way m which loudness is recruited as descnbed 
above affect the hearing of speech in deafness of the type under considera- 
tion 5 A rapid decrease in the difference between the loudnesses perceived 
by a normal and a deaf ear as the intensity of the source is raised does not 
mean that there will be a corresponding reduction in the difference 
between the articulation scores for the two ears at various intensity 
levels (Steinberg and Gardner 1937, 1940 ) This is largely because 
some of the speech sounds, that is, " th ' are faint and remain below 
the threshold of the deaf ear ' Davis el al (ref 17b) investigated the 
articulation efficiency of subjects during the temporary deafness after 
exposure to noise and found m subjects with heanng losses comparable 
to the worst of our own, moderately large articulation losses at the 
40 and 70 Db level, but because of the node scatter of the points no 
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quantitative relation between hearing loss and articulation loss could 
be established. Articulation loss at the loo Db. level was never severe. 

7. Practically, the effect on hearing of conversation at the ordinary 
speech level of 60-70 Db. may be summarized as follows. ^^Tien loss is as 
severe as obtained after firing the 17 Pr. bhere will be considerable impair- 
ment of hearing of speech whereas with mild losses (as in figures i. G. H. 
N, and O, pages 99 and 100), the impairment of hearing at ordinary 
speech levels will be slight and the subject not appear obviously deaf 
to his fellows. 

8. These facts have a bearing on the question of protection and the 
way orders are given to gun crews. If the driU is such that orders-reach 
the members of a gun crew at say 60 Db., then if plugs are worn, naturally 
there will be a difficulty in hearing them. On the other Hand, without 
plugs, there will be a loss of hearing due to the gunblast which, at that 
level of intensity, will of itself impair the hearing of- .orders. If the 
wearing of plugs is part of the norm£d gun driU, then it should be possible 
to transmit orders so that they will be properly heard, despite the overall 
30 Db. loss which a good plug gives. This loss, moreover, will remain 
constant over a period of action. The intensity level ^t which orders 
should be given and the articulation loss caused by plugs or gunfire 

-deafness at this and other intensities,, particularly in battle noise requires 
further exploration in the field. 

9. To what extent, apart from its effect on hearing, gunblast impairs 
efficiency, is undetermined. It is undoubtedly true, however, that when 
the ears are properly protected, the gunner’s attention and activity are 
no longer directed towards protecting his ears — by raising his hands, by 
tilting his head or by other tricks. For these reasons our impression is 
that the wearing of comfortable plugs not only prevents hearing loss but 
improves the general efficienc}'’ of the gunner. To what extent, also, 
the " tenseness associated with waiting for the gun to fire, contributes 
to fatigue is unknown. It may become less with experience. At aU 
events, the most unpleasant features of gunfire is removed- when the ears 
are protected and subjects lose most of that tenseness and apprehension. 

10. The facts in this discussion emphasize the importance of 
impressing upon gun crews during their training that it is not effeminate to 
wear ear plugs, but that the care of their ears is as important as the care 
of their weapons. 
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CLINICAL RECORD 

HERPES ZOSTER OTICUS-^(\VITH OWN CASE NOTES) 

B\ GEOFFREY MOREY (Lincoln) 

Herpes Zoster Oticus or Inflammation of tlie Geniculate Ganglion is a rare 
disease which ^\as first descnbed by Ramsay Hunt in America in 1907 Since 
his work on this condition there has been little of importance added and most 
modern text books treat the subject \cry inadequately 

It IS generally agreed that this disease is caused by a filterable virus which 
gains entrance through the nasal or buccal mucous membranes, and sets up 
an acute hsemorrhagic inflammation of the sensory ganglia of the cranial 
nerves More specifically, the changes consist of cedema and congestion ivith 
minute hemorrhages and round celled infiltration followed by degeneration 
of the nerve cells and fibres m the postenor root ganglia, which are ultimateU 
succeeded by regenerative changes m the peripheral nerves 

Herpes Zoster Oticus is characterized by extreme pam and by the formation 
of vesicles on the skin or mucous membrane in the zona of the ganglia m\ olved 
The’ geniculate ganglion of the Vllth nerve is primarily affected, but owing 
to the complex anastomosis of nerves m this region, neighbouring ganglia ma^ 
also be involved, as in the case of my own illness, about to be descnbed 
There may be certain predisposing factors such as trauma chilling, malaise 
or the presence of septic foci (eg tonsils or sinuses), but it is equally likely 
that it may start insidiously for no apparent reason at all 

Hunt classified the disease* into four sections in accordance with the number 
of ganglia involved 

1 Herpes Zoster Oticus, where the geniculate ganglion is Solely affected 
It is characterized by herpetic eruptions on the auricle and in the auditory 
meatus 

2 Herpes Zoster with Facial Paralysis In this stage the lesion is more 
extensive In addition to the usual herpetic condition motor fibres of the 
facial nerve are affected by the pressure of the effusion, causing rapid develop 
ment of paralysis As the chorda tympani is given off from the facial nerve m 
the Fallopian canal it is usually involved also and the sensation of taste in the 
anterior tivo thirds of the tongue is distorted or lost Vesicles may form 
upon the tongue itself 

3 Herpes Zoster Oticus with Facial Paralysis and Deafness If se\ere 
enough, the inflammation of the geniculate ganglion may spread rapidly to the 
neighbouring ganglia of the Vlllth IXth and Xth nerves since none of these 
nerves possess a capsule The Ganglion of Corti may thus be affected causing 
mild hypoacusis or e\ en total deafness m that ear 

4 Herpes Zoster Oticus uiih Facial Paralysis and Meniere s Syudrotne 
This IS the most severe and complex form of the disease for in the same way 
that the organ of Corti may be jn\ olved, so may the vestibular ganglion be 
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affected, with consequent disturbance of equilibrium. (It is possible that the 
vestibular ganglion may be affected without any affection of the organ of 
Corti.) On the other hand, however, the petrosal or jugular ganglia may be 
attacked, causing herpes of the pharynx or larynx. (Dan Mackenzie in 1915, 
and V. E. Negus in 1943 have' recorded cases qf herpes laryngis, with recurrent 
laryngeal nerve paralysis.) Further inflammation may involve the 2nd and 
3rd cervical roots with which the facial nerve is knoum to be intimately con- 
nected, causing " herpes occipitocollaris ”. 

This illness may commence with malaise, headaches or temperature, or 
there may be a sudden onset with pain, which quickly overshadows everything 
else. The pain is usually so intense that it can be relieved only by morphia. 
It is often accompanied by nausea and vomiting. Usually it is referred to 
the middle ear or the mastoid, or both, and it is only some four or five da3's 
after the onset that the vesicfes appear, though facial paralysis may precede 
or follow the eruption. 

The diagnosis of Herpes Zoster Oticus should present no difficulty once the 
vesicles have appeared, but in the initial stages when temperature’ is present, 
together with severe pain in and over the mastoid process ; when facial paralysis 
and a reddened inflamed tympanic membrane are evident, an unwar}^ observer 
might be led into the belief that he was dealing with a case of mastoiditis where 
the drumhead had not ruptured. The__ diagnosis may be still more difficult 
if otitis media exists as a complication. 

When the geniculate ganglion inflammation has also caused facial pardlysis 
and vestibular irritation the diagnosis of suppurative labyrinthitis might be 
made. 

Prognosis. Most authors seem to agree that the facial palsy recovers in a 
few weeks to a few months. Vertigo also rarely lasts longer than a few months, 
andaisually clears in a matter of weeks. Auditory symptoms may disappear, 
but of all the symptoms presented, they are the most likely to remain permanent. 

Paroxysms of pain may continue for many months and in old people 
especially may never entirely disappear. The disease is never fatal. 

Treatment. There is no known drug that will shorten the disease, though 
some authors think that Vitamin Bi Complex has some slight beneficial effect. 
Therefore, treatment can only be directed towards alleviating the symptoms,' 
the chief of which is the severe pain. It has been suggested that slight tem- 
porary relief is obtained by the application of cocaine to the sphenopalatine 
ganglion — other observers state that the injection of Pituitrin sometimes 
gives relief. 

Rest in bed, catharsis and suitable diet are essentials. 


Report of my own Illness 

1st Day. klild pain in the region of the base of tongue on left side. This 
suggested the presence of a fish bone. 

znd Day. Pain in throat increased and was now accompanied by a dull 
ache in the left ear. An examination by an aurist colleague revealed no 
abnormalit}' except for a thickened red band behind the posterior pillar of the 
(empty) tonsillar fossa. 
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4/4 Day Pain now severe, especially in the ear Malaise Temp joi 
Another examination revealed nothing further except for a very slight pinkness 
of the tympanic membrane 

$ih Day Very intense pam, accompanied by extremely severe headache 
Temperature still loi Slight deafness noticed in the left ear 

6 th and jth Days Pam and headache increasing and causing prostration for 
\\hic h Morphia gr i was given This eased the pain considerably, but \ omiting 
commenced soon aftenvards and lasted for thirty six hours (This \ onnting 
may of course have been due to the morphia, but vomiting is a recognized 



symptom of herpes zoster) A fe%\ crops of vesicles nerc now apparent and 
at this stage the diagnosis of herpes zoster oticus was made 

These vesicles nere situated on the auricle and within the auditory meatus — 
some were seen on the drumhead itself One crop was situated just belpu the 
tip of the mastoid extending downwards for about an inch There were 
also scattered vesicles over the left temple and one in the left e3^ebron A few 
scattered vesicles were also found m the hairline just above the ear anej later 
a vesicle was discovered in the ph.irynx near the base of the tongue on the left 
side 

8 f/i Day The tympanic membrane v-as ver> red and bulging postenorly 
I\fynngotomy was performed but only a drop of mucoid material e\uded 
through the incision This was cultured and grew B proicus so that the 
courses of sulphathiazole and penicillin which had been started two days 
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earlier, were discontinued. There was considerable crusting of only those 
vesicles which were situated on the auricle or in the meatus. 

• Slight nystagmus and some vertigo were present. 

qth Day. Overnight a complete Vllth nerve palsy developed, and the 
deafness had gradually increased in severity until I was unable to hear any 
sound with this ear. From crude testing it appeared that this deafness was 
of the “ perceptive ” t3'’pe. (Further note on deafness later.) 

The vertigo and nystagmus were marked, but caused no great inconvenience ’ 
when tying still with eyes closed. 
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Audiogram made appro.ximately a month after the onset of the Herpes^ Zoster. Tlic 
hearing of the left ear is not accurately shorni by the chart, since the frequency of 204S 
seemed to be the only true frequency heard. The others were mostly octaves or double 
octaves of the original note. Thus, .whatever hearing remains in this left ear would 
appear to be centred around 2048. 


14//; Day. Pain had now returned and was intense enough to prevent 
sleep even with drugs. 

This pain consisted of two separate and distinct tjrpes. The " zoster 
pain was parox3rsmal and felt chiefl3'^ in the depths of the ear, but it also 
radiated to the temple and also down the border of the left stembmastoid 
muscle into the neck where it terminated in the phar3mx. 

The other pain is more difficult to describe, for it was essentiall3^ an acute 
hypersesthesia over the whole superficial area supplied b3? the Vth nerve. A 
touch of the bed sheet or even of a strand of wool was sufficient to cause the 
most exquisite burning pain over the face and scalp and ear, which lasted for 
i to I minute. Brushing of the teeth had to be abandoned for a few days because 
of local pain. 

At about this time it was noticed that all food was unpalatable, and gave 
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a sensation of “ ^\oollmess " — due to interference with the activity of the 
salivary glands There \vas also a definite perversion of taste, for some food 
now tasted quite bitter At times, certain food entirely lacking in salt tasted 
“ coppery ” > 

(It IS probable that these gustatory symptoms were present just after the 
onset of the facial paralysis, but they were overshadowed by other sy mptoms 
and not noticed at the time ) 

30/// Day The paroxysmal pain was still intense, but not frequent It 
was usually worse at night, and I m3 self wondered if some functional element 



Very slight improvement in hearing is evident but is not suflicient to be appreciated 
There is still a good deal of confusion in making this audiogram bt-cause of octa\e>» 
of the lov\er frequencies which are related to 2048 

might be present because of this periodicity Later, during the paro\3sms 
it was noticed that the ear became very dusk}’ m colour and that it was much 
hotter than that of the other side 

Hyperaesthesia was still sufficiently acute to prevent l3ing on that side 
but nevertheless considerabl}’ improved Vertigo still present, especiall} on 
movement of the head Gait still unsteady and walking in the street alone 
was impossible, as the labynnth on the sound side was not sufficient!}’ com 
pensating 

Facial paralysis began to improve about five days previously and each day 
there was some improv ement in the facial muscles, though there is still inabilit} 
to close the eye Drying of the cornea causes marked reflex blinking of the 
other eye and some loss of vision with considerable inconvenience Eating was 
slightly less difficult now and taste disorders have almost vamshed 

40//; Day Vth nerve hyperesthesia has diminished Facial paralysis 
lias partially recovered, after a short course of Faradism The eye cannot 
yet be closed voluntarily Taste normal Deafness has not improved and 
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is the most worrying symptom. Vertigo, except on sudden movement of the 
head, is absent but the gait is not yet entirely steady, there being an occasional 
tendency to " teeter ” off to the right or left. With all volition possible, this 
cannot be controlled. - r 

Paroxysms of pain continue and are sometimes very severe. They are 
less frequent. 

qSt/i Day. Slight hyperesthesia still present— chiefly confined to auricle, 
but in the anti-helix there is an area about an inch in diameter which is anaes- 
thetic or almost so. l(The reason for this is obscure.) There is still inability 
to close the eye, though with the paradic treatment the Vllth nerve paralysis 
is rapidi}' improving. 

The deafness has not improved. Some unsteadiness in gait is still present. 
Paroxysms of pain continue and are sometimes severe. 

On this day I was able to consult a London otologist. His tests and 
audiograms showed no divergence from my o\vn. The prognosis for the 
recovery of hearing is assumed to be poor, partly because almost aU perceptible 
sound appears to be related to one frequency (e.g. 512 and 1024 are heard as 
2048). 

' A curious feature of this illness has been 'the absence of tinnitus. Only 
now, in the last week, has occasional tinnitus been present. It is slight. 

The Eustachian tube has been qufte free throughout and self inflation is 
quite easy. 

There has been no im^olvement of the cornea. 

As the facial paralysis improved it has been observ’ed that certain loud 
noises, whether music or sounds in every day life, have caused a high pitched 
'tinnjf rattling sensation in the deaf ear. This is assumed to be due to the 
partial recovery of the Stapedius muscle. 

gofii Day 0/ Illness . . Hypersesthesia has disappeared. A large portion 
of the auricle around the concha is still almost completely antesthetic. 
Facial paralysis is less obvious, but the left &ye cannot be closed independ- 
entty of the right, and whistling is not possible. 

Deafness — ^no apparent change (Audiogram). Some diplacusis still. 
Vertigo is absent, and the gait is almost normal except when vision is reduced. 
For example, in the twilight or in the dark, the unsteadiness makes unaided 
walking impossible. 

Tinnitus is now present almost constantly, but is only distressing 
occasionally. 

Pain has gradually ceased and does not occur at all now. 


Note on Deafness 

I was unable to make any audiometric tests until the thirtieth day of the 
illness. 

With the sound ear adequately masked, it was then just possible to hear 
- some tones in the affected ear by air conduction only. Nothing was heard 
b)' bone conduction. 

As is usual in most severe cases of nerve deafness, the tones, when they did 
become audible, did so with a sudden sharpness and clarity, leaving little doubt 
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about the exact pomt of audibility Hearing ^^as undoiibtedl\ most acute 
for the frequency of 2048, where the loss amounted to 70 db 

Tor certain frequencies — eg 512, 1024, — some diplacusis was noticed 

Diplacusis — a most interesting phenomenon — can be most distressing, 
especially to those of us who ha^ e a Igve of music At first it was noticed that 
the tone heard by the deaf ear was an octave, or two octaves above that 
heard by the sound ear Later it was obser\ed that in addition the note was 
sharp Tests were then made to boost the hearing of the deaf ear with an 
electneal hearing aid, and to listen to music with it The results were as 
expected The musical work could be recognized, but there was so much 
distortion that listening was almost painful 

Audiometnc tests done two weeks after the original, showed no change 
whate\ er 

The present position is that the good car is still unable to compensate fully 
for the vestibular disturbance or for the deafness The drmng of a car is 
possible but is very unpleasant chiefly because of the loss of direction of sound 
Up till now’ there has been no appreciable reco\ery of this loss 

Conversation m a quiet room with one good ear is not difficult but when 
the noise le\cl is raised, as m a tram or bus, or a crowd, words become quite 
indistinguishable 

Listening to music is no longer a pleasure T or man> y ears 1 had considered 
mjself a connoisseur of tone quality, but with only one ear tone qualitj is 
entirely lacking It is as though a landscape were to become colourless 

In V icw of the poor prognosis any comments or ad\ ice that this paper might 
elicit would bo sincerelj welcomed 

Anatomical Summary 

Ow mg to the v cr> complex anastomosis of ncr\ cs in the area of the geniculate 
ganglion any explanation must be somewhat invohed 

1 Inflammation of the Vlllth nerve is bj direct extension from the genicul- 
ate ganglion, and b) the sensor}' ncnc of Wrisberg Moreoier theVIIthand 
Vllltli nerves are enveloped in the same sheath and course together in the 
same osseous canal, where an^ expansion or swelling would be resisted and 
the effect of pressure increased 

2 Hunt WTOtc in igoq, ' The sensor}’’ s}stem of the Vllth nerve passes 
to the t}’mpamc cavity, mastoid and Eustachian tube by the petrosal nerves 
In the case of the t}'mpanic cavit} Jacobsen s nerve (tympanic branch of the 
glossopharyngeal) is connected to the facial bj the small superficial petrosal 
nene, and b} the great superficial petrosal nerve 

The lesions in the posterior part of the auricle and m the auditor} meatus 
are explained by the connections between the facial and Arnolds nerve 
(auncular branch of the vagus) 

3 Through the greater and lesser superficial petrosal nerves and the 
vidian nerve, the facial makes contact with the otic and sphenopalatine gang- 
lions, and from these the fibres of the second and third divisions of the Vth 
connect with the soft palate and the fauces 

4 The chorda t}Tnpani branch of the Vllth nerve is given off from the 
lower end of the hallopian canal and passing across the upper part of the 
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tympanic membrane ultimately supplies the sensation of. taste to the anterior 
two thirds of the tongue. Alterations of taste are thus e.xplained and the fact 
that vesicles have been recorded on the tongue itself suggest a somatic sensory 
component in that nerve. 

(Wakeley and Mulvanj' in 1939 pointed out that the taste impulses from 
the anterior two thirds of the tongue may be carrifed by the great superficial 
petrosal nerve via the otic ganglion, equally as well as by the chorda tympani.) 

5. The hyperassthesia in this case is presumed to have resulted from a ' 
spread of the inflammation to the whole Gasserian ganglion. 

REFERENCES 

Ht^NT, 1907, Journal of Nervous Diseases, xxxVii. 

R.^bbin'er, 1938, Med. Rec., cxlviii. 

P.\RKER, 1938, Dish J. med. Set., Ivi. 

Wakeley and Mulvany, 1938, Lancet, Apl. ist. 

B\llexger, Te.\t Booh for E.N.T. Diseases. 



The Journal of 

Laryngology and Otology 

(Fotmrfed! i« 1887 by Morell Mackenzie and Norris Wolfenoen) 


March 1946 

A NEW METHOD OF TESTING THE HEARING 
EFFICIENCY OF AVIATION CANDIDATES’*' 
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Summary 

The heanng test at present m use in the R A F is unsatisfactory for 
the selection of aircrew as it does not measure the type of heanng ability 
requited for the efficient performance of flying duties 

This report descnbes a senes of expenments which have been earned 
out Moth a view to devising a suitable substitute for the present test 
As a result of these expenments a new test is recommended which 
should prove free from the defects of the present method of testing 
The new test measures the ability to recognize speech sounds which are 
transmitted through an electneal communication system and are masked 
by a noise similar to that encountered m Service aircraft 

An additional test has been devised by means of which any detenora 
tion m hearing acuity dunng service can be assessed This test gives 
a rough estimate of hearmg loss at four frequencies in the range 250 
4000 c p 5 

A compact form of testing equipment has been designed for use in 
applying both those tests at Aviation Candidates Medical Boards 

* This research Avork has been earned out in the Acoustics Laboratorj Depart 
K'ent ol Otorhinolaryngology Royal Air Force Central Medical Establishment 
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flying duties who would in fact be quite capable of performing those 
duties. This must constitute the chief objection to the present method 
— that it does not test the kind of hearing ability which it is required to 
measure when assessing candidates’ suitability for aircrew. 

The other weaknesses of the present test lie in the lack of standardized 
testing conditions. The test is applied by a large number of medical 
officers at various centres. There are differences in the technique of the 
medical officers who give the test, involving differences in the quality and 
intensity of the whisper which is used. The listening conditions in the 
examining centres vary quite widely. Rooms of different sizes, shapes and 
materials are used and var3dng amounts of ambient noise may be present 
when the candidate is tested ; in some centres there is always a high 
level of background noise, in others a reasonably low level, and in the 
majority the noise level fluctuates considerably throughout the day. 
Again, the speech material used for the test is not well controlled. In 
some cases, the medical officer has a small selection of words which he 
uses for every candidate. These words soon become known by the men 
who come up for medical examination and it is quite possible for a candi- 
date to pass the examination if he can pick up only a very small fraction 
of the signal which is whispered to him since he is in the position of 
knowing what to expect. Other examiners use a large variety of words 
and thus make it impossible for the candidates to know what to expect. 
Again, there is no fixed policy as to the t5q)e of word to be used, nor as to 
what constitutes the passing of the test. In some centres men are tested 
with words containing some a preponderance of high frequency, others 
of low frequency components and they may be failed, for example, if 
they cannot hear the high frequency words at 20 feet. At other places 
candidates are passed because they can hear some of the words at 20 
feet. The inconsistencies in the present method of testing could be 
enlarged upon still further but enough has been said to show that there 
is very little standardization in the application of the present test. 
Whilst these inconsistencies have little importance for the vast majority 
of candidates who have " normal ” hearing and are capable of passing 
the test under almost any conditions, they are important for the borderline 
cases who might be failed at one examining centre but would be passed 
at another. 

2 . Requirements of a New Test 

A new test must, then, fulfil two primary requirements. It rnust 
constitute a measure of the candidate’s hearing ability when working in 
" real life ” conditions and it must be applied in strictly standardized 
conditions so that results from different examining centres may be 
comparable. 

Flying conditions impose certain limitations on communication. 
In the first place, signals have always to be delivered through elcctri* 
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channels terminated in some transducing unit. Secondly, the presence 
of a high level of ambient noise in aircraft makes it necessary to work 
with audible signals of considerable intensitJ^ Even when signals are 
what is normally described as " faint ”, their absolute level is always 
considerably above threshold in quiet. Thus the tj^pe of hearing ability 
which is really required of aircrew personnel is the ability to hear signals 
well above threshold but in an unfavourable signal/noise ratio. No 
attempt has ever been made to correlate this ability with the ability to 
hear the whispered voice at given distances. It is indeed unlikely that 
a complete correlation would appear between these two quantities since 
it is well known that there are types of deafness in which the hearing 
defect is apparent only for sounds near threshold, i.e. the hearing at some 
supra-liminal intensity is equal to normal, and other types which, for 
masking noises of a particular character, will convert an unfavourable 
signal /noise ratio into quite a reasonable one. It is clear that a more 
suitable test for aviation candidates would be one in which high level 
signals were masked to some considerable degree by an accompan5dngnoise. 

If this principle is admitted, the only further requirements are that 
the test should be given under standardized conditions and that it should 
be validated by reference to personnel who are actually engaged on opera- 
tions. The conditions must be so controlled that results given by the 
test at one time and place shall be strictly comparable with those given 
at any other time and place. This involves rigid control of the material 
used for the test, of the loudness of the signals and the masking noise 
delivered to the candidate, and the exclusion of interfering ambient 
noise. Speech signals are obviously the most suitable material for such 
a test and the manner in which speech can be used to form standardized 
tests is discussed in the next section. 

3. Articulation Tests as the Basis of a New Test 

A well established technique for the measuring of the reception of 
speech employs various forms of “ articulation test ”. The principle is 
that continuous speech may be considered as made up of different units — 
sentences, words, syllables and sounds, and there is general agreement 
that the term " articulation ” be taken to denote the percentage of 
sentences, words, syllables or sotmds correctly received b}'^ the listener 
in given conditions. Up to the present, articulation tests have been used 
almost exclusively for the testing of apparatus but there is obviously 
no reason why they should not be adapted to the testing of a listener’s 
ability*. ''ATien the tests are used for measuring the articulation of 
communication systems there is always considerable difficulty in standard- 
izing the performance of the listeners so that an unalloyed measure of 
the difference between systems may be obtained. It should, at least 

* A series of sentence and sound articulation tests were devised by Fr3’ and Kerridgc 
in 1939 for testing the hearing of speech bj’ deaf people (see Lancet, Januarj’, 1939)- 
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theoretically, be an easier task to measure the difference between 
individuals whilst keeping the listening conditions uniform 
a Types of Test 
la Sentence articulation tests 

A sentence articulation test is a test designed to measure the percentage 
of sentences correctly received by the listener Most workers in this field 
amend the definition of sentence articulation and say “ the percentage 
of sentences of which the sense is correctly received ”, thus allowing for 
minor verbal errors which do not matenally alter the sense While this 
seems to be the most sensible way to regard sentence articulation, it 
does bring in the possibility of variations in the judgment of the people 
markmg the responses to the test, since it is not always easy to agree 
when the sense of the sentence has been matenally altered However, it is 
possible to get over this difficulty by somewhat modifymg the technique of 
marking (see p i6i) A number of different types of sentence articulation 
test have previously been used The following are the most common 

I Question and answer A senes of simple questions is sent to the 
listener who is deemed to have received the sense of the question 
correctly if he gives what appears to be a sensible reply 

II Simple sentences A large number of short sentences is read to 
the listener who records his reception of them either by wnting 
them down or by speaking them back to the speaker, who checks 
the accuracy of the reception Articulation tests usually have to 
be earned out m difficult acoustic conditions and if the second 
method of recording is used it is often necessary to provide an 
independent high-fidelity channel to carry the hstener’s reply 
In any case, the method of wnting down the sentence is certainly 
safer if also rather more laborious 

\Vhen the present research was begun, it was accepted as axiomatic 
that a measure of a listener's sentence articulation over a given system 
in given conditions was the nearest one could get to a direct measure of 
his ability to use that system for listening to current speech It was 
further adopted as a basic pnnciple that a reasonably close correlation 
must be proved between the results of sentence articulation tests and those 
of any other form of test which might be used before the validity of the 
latter could be accepted 
2a Word articulation tests 

A word articulation test is one designed to give the percentage of 
words correctly received by the listener It is commonly understood 
that m this tjqpe of test the words should be sent either without linguistic 
context or m a neutral context, i e they should be sent as isolated words 
or in a earner sentence which gives no clue to the meaning of any test 
word The selectmg of words for these tests is not an easy matter 
Theoretically, the frequency of occurrence of words in the test should 
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reflect their frequency of occurrence in the kind of speech which is to 
be sent over the system. To devise a test conforming to this principle 
would necessitate the long and laborious task of making word counts 
for various types of material. If it is assumed that the system will be 
used for all kinds of speech material, then it is possible to use some 
standard word count such as that made by Dewey* for American English. 
Unfortunately, no such count exists for British English. 

An alternative method is to base the selection of words on the frequency 
of occurrence of sounds in current speech. It can be argued that words 
are recognized chiefly by means of the recognition of speech sounds and 
if therefore we make a selection of words which are reasonably familar 
and in which the distribution of sounds corresponds to that of current 
speech, we shall have a test which is likely to give a reliable measure of 
word articulation. Even so, a further complication is added by the 
importance of rhythm for the recognition of words. This factor can be 
ruled out by using monosyllables exclusively but a test of this character 
is of doubtful validity as a means of measuring word articulation since it 
takes no account of the occurrence of different rhythmic patterns. 

3a. Syllable articulation tests 

Most so-called syllable articulation tests are in reality sound articula- 
tion tests (see section 3 ; 4a), that is to say they bear very little relation 
to " syllables ” in the linguistic sense of the term and are really a particular 
form of sound articulation test. If we take a passage of connected speech 
and examine its component syllables we find that they differ not only in 
their sounds but also in the stress and pitch which are used in pronouncing 
them. These last two factors have a great effect on the recognition of the 
syllables and no test could be considered a true syllable articulation test 
which did not allow for these factors. No attempt has ever been made to 
devise such a test and indeed it is very doubtful whether such an under- 
taking would ever be worth while. Probably the results of such a test 
would add very little to the information which can be obtained more 
easily by means of sound, word and sentence tests. 

The " syllable ” articulation tests in present use consist of arrange- 
ments of speech sounds to form meaningless syllables ; these may be 
of the form consonant- vowel-consonant (CVC), vowel-consonant (VC), 
or consonant- vowel (CV). The frequency of occurrence of sounds in 
such a test may or may not be weighted in accordance with the frequency 
of occurrence of the sounds in current speech. The test is marked by 
marking any one syllable right or wrong. Experience in various 
laboratories has shown that the scores for this type of test tend to be 
lower than those for a sound articulation test possibly because in one test 
the probability of getting a complete syllable i.e. a particular group of 

* Dewey, C. Relative frequency of English speech sounds ” (Harvard University 
Press, 1923). 
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to examine the other types of articulation tests to find out which was the 
most suitable, bearing in mind always that it was necessary to demonstrate 
a significant correlation between the results of a selected test and those of 
sentence articulation tests. 

One tj^e of test had to be ruled out of consideration, the type of 
sound articulation test which employs meaningless syllables. This kind 
of test can only be used with trained listening crews who have been taught 
some S5^stematic method of writing down the sounds which they hear. 
In a hearing test naturally there can be no question of practice for the 
candidate and the result ^vitl be expected from his first attempt. 

The types of test left for use in the experimental work which is now 
to be described are therefore sentence articulation tests as the direct 
measure of listening aptitude and forms of word and sound articulation 
tests with meaningful syllables as possible alternatives. 

4. Equipment for Experimental Tests 

In this section a general description will be given of the apparatus 
used in the experimental investigations leading up to the development 
of a new and more satisfactory hearing test. It was decided at the 
outset that in order to maintain standardized testing conditions all 
articulation tests should be recorded on gramophone discs and reproduced 
electrically. Most of the electrical equipment required was mounted 
on the standard four bay Post Office rack shown in the accompanying 
photograph. Fig. i. Wherever possible the input and output impedances 
of each unit were fixed at 600 ohms, so that they could be connected 
together directly to form any desired channel. All connections were 
made on a jack panel using short screened leads. This arrangement 
was found to be quite satisfactory for most purposes, the small amount 
of hum induced in the lines being insufficient to interfere with our tests, 
a. Provision of the Noise Background 

For subsequent experiments we require to be able to produce a noise 
field similar in frequency and overall level to that existing in a typical 
modem Service aircraft. Two methods for producing such noise suggest 
themselves. In the first the actual noise in the fuselage of an aircraft 
in flight is recorded and reproduced in the testing room, frequency 
correction being applied to compensate for any loss during recording. In 
the second method the noise is produced synthetically by amplifying 
suitably modulated electrical oscillations. 

The second method has certain advantages, notably ease of production 
and control, but it is possible that the resultant noise, though satisfactory 
from the point of view of level and characteristic, may not sound like an 
aeroplane engine. It was felt that a noise which really gives the im- 
pression of an aeroplane in flight would be preferable to one which does 
not sound so realistic. Another argument in favour of using the recorded 
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noise IS that there is in existence a standard Service " noise generator ” 
which is used for providing background noise for various types of synthetic 
training There did not seem to be any reason why this generator, 
which makes use of an engine noise recordmg, should not be satisfactory 
for our purpose, and it was therefore decided to use it as the basis of our 
standard aero-engine noise The steps in the development of the final 
satisfactory noise will be descnbed in some detail in order to give an 
idea of the difficulties which were encountered m obtaining an adequate 
reproduction of aero-engine noise 

The first requirement was a testing booth with sound absorbing u alls 
which would confine the noise The internal dimensions of the booth 
which was constructed for us were height 9 feet, length 5| feet, breadth 
4 feet No elaborate sound proofing was attempted as it was considered 
sufficient to reduce the noise outside the booth to a level which did not 
cause annoyance to other occupants of the building The walls consisted 
of two layers of Celetex boardmg separated by a layer of glass wool about 
4 inches thick and the floor and ceiling were also padded with glass wool 
The observation wmdow consisted of two layers of glass about 2 inches 
apart It was found that the reduction m overall level of the noise 
afforded by such a construction is approximately 20 db 

The noise generator as issued to the Service consists of a scanning 
unit, power amplifier and loudspeaker A close-up photograph of the 
scannmg unit is shown in Fig 2 A light beam is focused on an engine 
noise sound track on a ,glass disc mounted hiaaznntally on the motor 
shaft The modulated beam acts upon a photo electric cell and the 
resulting voltage variations are amplified and transmitted to a large 
moving coil loudspeaker in the testing booth The sound track tvas 
produced by recording on the ground the noise of a Lockheed Hudson 
bomber after transmission over a high-fidelity radio hnk The original 
recording was made on a direct recording disc and a particularly uniform 
section was then re-recorded photographically on a sensitized glass cfisc 
in the form of a continuous track Four t3ipes of noise, corresponding 
to different flying conditions (normal cruising speed, maximum boost, 
etc ) were recorded in this way The output of the photo-electnc cell 
goes to a straightforward resistance-capacity coupled valve amplifier 
capable of dehvenng 50 watts mto an output circuit of 600 ohms 
impedance for an input voltage of ii millivolts The output of this amph 
fier IS led through an impedance matching transformer to the energised 
Pamphomc moving cod speaker in the booth This loudspeaker is capable 
of handling an mput of 20 watts The overall diameter of the stiff paper 
cone IS 16 in and the impedance of the movmg cod 10 ohms The 
complete noise channel is shown schematically m Fig 3 and Fig 4 shcjws 
a photograph of the intenor of the booth 

The sound track corresponding to normal cruising speed was selected 
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as being most suitable for our purpose. Intensity and frequency 
characteristic measurements were made on the noise generated in the 
booth using the General Radio sound level meter and the S. T. & C. 


SCHEMATIC DIAQRAM OF COMPLETE ENQINE NOISE CHANNEL. 



VOLTMETER. 


Fig. 3. 

noise analyser described in section qd. The two microphones were 
mounted side by side on the axis of the speaker and about 18 in. from the 
centre of the cone. The gain of the noise amplifier was then increased 
as much as possible without producing undue flapping of the speaker 
diaphragm. At this level the G.R. meter gave a mean reading of no 
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Intenor of testing booth 
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phons. The intensity was not entirely uniform throughout a revolution 
of the glass disc but the difference between the extreme values was not 
more than 6 db. The intensity of the noise in half-octave bands was 
measured on the S. T. &• C. noise analyser. The resulting spectrum is 



shown in Fig. 5. The spectrum plotted inside the cabin of a Hudson in 
flight, using the same meter, is shown for comparison. It can be seen 
that our recorded noise is verj' similar to the actual noise in the region 
150-1200 c.p.s. but that above and below this band the intensity falls off 
considerably. In order to compensate for this falling off a frequency 
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these high frequency fluctuations were fed through a potentiometer into 
the grid circuit of the first stage of the main amplifier. The circuit 
diagram of this S3mthetic noise generating unit is shown in Fig. 8. The 


CIRCUIT OlAGgAM OF VALVC NOISE CENERATOR 



Fig. 8. 

pentode valve is used as a diode and merely provides a convenient method 
of limiting the current carried by the gas-filled tube. The D.C. high 
tension supply was taken from the anode circuit of the second stage of the 
amplifier. 
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The frequency charactenstic of the resulting composite noise was 
plotted with varymg proportions of synthetic noise until a setting of the 
potentiometer u as found at which the artificial and true Hudson spectra 
agreed fairly « ell over the range loo-ioooo c p s All attempts to raise 
the mtensity below loo c p s produced flappmg of the speaker cone wluch 
introduced a loud rattle It appeared that the speaker was incapable 
of handlmg greater intensities at these frequencies and so the attempt 
to apply bass correction was given up 

This particular form of the noise was then accepted as our standard 
aero engine noise for all subsequent experimental work Its spectrum 
IS shown m Fig 7 for an overall mtensity of loi phons It can be seen 
that the agreement with the true spectrum is very good except at the 
extreme low frequencies 

In order to avoid having to measure the noise level with the G R 
meter every time the generator was switched on a small meter was 
connected mto the output circuit of the amplifier and calibrated agamst 
the G R meter This arrangement also enabled us to keep a check on the 
constancy of the noise level dunng an expenmental run 

b RecordiisG Chavnei, 

A short descnption will now be given of the recordmg channel which 
was used in producing the master records for all the test discs required 
for the experimental articulation tests and for the final test 

The speech channels m use m Service aircraft transmit a restncted 
range of frequencies and may be considered m general as low fidelity 
systems Since the object of the new test is to measure the ability to 
use such a system it would appear at first that a similar channel should 
be used in applymg the test On reflection, however, it was decided that 
a reasonably high fidelity system should be used for the expenmental 
work for the following reasons It was important to discover whether a 
degree of hearmg loss, as measured by pure tone audiometry would 
decrease a subject’s ability to hear speech when m the presence of noise 
Now if a channel ivith restncted frequency range, say from 500 3000 
c p s had been used, it is possible that a subject ivith a hearmg loss 
falling outside this range would be m just as favourable a position as a 
subject who had no loss at all If a deaf subject scored as high in an 
articulation test as a ' normal ” subject, there would still be the possibditj 
that this was due to the fact that his hearmg loss lay outside the range 
of frequencies transmitted By extending the frequency range it was 
hoped to make the tests more selective 

It was therefore decided to aim at a reasonably high fidelity channel 
for both the recordmg and the replaying of the speech matenal to be used 
m the articulation tests 

The recording channel consists of a mixer unit, an attenuatmg network. 
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a high-gain amphfier and a recording machine, as shown schematically 
in Fig. 9. The mixer comprises three independent variable ladder 
attenuators which are connected to a common output. These attenuators 


SCHEMATIC DIAGRAM OF 
RECORDING CHANNEL FOR SPEECH AND NOISE. 



Fig. 9. 

which are graduated in steps of 2 db. enable us to mix three independent 
signals in varying proportions for recording. The output from the mixer 
unit is connected to the main attenuating network which consists of a 
series of T-type attenuators and covers a range of 0-60 db. in steps of i db. 
The characteristic impedance of both these units is 600 ohms. The 
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resistance capacity coupled recording amplifier gives an amplification of 
84 db and the power developed across the cutter-head when recording 
IS of the order of 5 watts tVhen delivering this power the total harmonic 
distortion of the amplifier is 5 per cent The frequency response of the 
amplifier can be varied by means of treble and bass correction circuits, 
embodied in the amplifier The input impedance of the amplifier is 
600 ohms and the output is matched to the recording cutter-head, 
impedance 2,000 ohms 

The recording machine (see Fig 10) used for cutting the test discs was 
made by the MSS Recording Co It consists of a heavy metal turntable, 
a needle armature cutter-head, supported in a traversing arm, and an 
electnc motor which, through reduction gears, dnves both the turntable 
and the traversing mechanism The turntable speed is 78 r p m and the 
traversing speed is such as to produce 100 grooves to the inch The actual 
cutting of the disc is done with a steel cutting stylus, held in the cutter- 
head The position of the cutter-head in the traversmg arm can be ad- 
justed so as to vary the angle of the stylus ivith respect to the disc and 
the pressure upon the point of the stylus The machine is normally set 
up so that the stylus trails at an angle of about 5° from the vertical and 
so that the width of an unmodulated groove is 0 006 in , the wall 
between adjacent grooves is therefore 0-004 in thick 

Speech signals for the tests were recorded through a Standard Electric 
moving coil microphone, type No 4017A 

The frequency response of the recording channel from microphone to 
disc IS shoivn m Fig ri It is estimated that the total harmonic distortion 
IS of the order of 10 per cent 

c Replay Channel 

This section will be divided into two parts In the first a description 
IS given of the chaimel through which the speech was transmitted in the 
senes of preliminary articulation tests , m the second the replay channel 
for the final test is descnbed in some detail 

ic Replay channel for speech 

In the first series of tests the subject was seated m an external noise 
field similar to that encountered in Service aircraft The provision of this 
noise background has already been described in section 4a The speech 
was then transmitted to the subject over a reasonably high fidelity 
channel The reasons for employing a high-fidelity channel in preference 
to a low-fidelity system of the type used m Service aircraft are outlined 
in section 4b 

This high-fidelity speech channel consists of a pick-up, an attenuating 
network, a high-gam amplifier and a headset The pick up is a hght- 
weight low impedance unit of the standard needle-armature type, supplied 
by the EMI Co The weight on the pick-up needle is approximately 
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I ■ 5 oz. The output of the pick-up passes through a matching transformer 
to the main attenuating network used in the recording channel already 
described. The signals are then led to a variable gain resistance-capacity 
coupled amplifier which has a sensibly flat frequency response over the 



range 100-8000 c.p.s. The output of the amplifier is connected to a pair 
of British Goodman moving cod receivers which are located inside the 
testing booth. 

The frequency response of the complete replay channel from pick-up to 
receivers is shown in Fig. ii. The major variations in the overall 
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response curve are due to the response of the receiver At the levels 
used m these articulation tests the total harmonic distortion of the 
complete replay channel is not greater than about 2 per cent As the 
harmonic distortion of the recording system from microphone to disc is 
about 10 per cent it follows that the total distortion introduced into the 
speech during recording and subsequent replay is of the order of 12 per 
cent 


2c Replay channel fo} masked articidation test 

At a later stage in the experimental work it became necessary to test a 
large number of partially and fully trained Symg personnel, using a 
modified form of test which ivill be referred to as a masked articulation 
test In this test the subject received both the engine noise and the 
speech signals through the telephone receiver It was decided to con- 
struct portable testing equipment which could be taken to operational 
and training stations and would be similar in character to the standard 
replay channel descnbed in the previous paragraph This portable 
equipment took the form of a compact combined gramophone and 
amplifier designed to operate from A C mams The circuit diagram is 
shown m Tig 12 and Fig 13 shows the layout of the machme This 
portable testing equipment will m future be referred to as the gramophone 
audiometer It is shown m operation in Fig 14 

The electnc motor, turntable, pick-up and amplifier are similar to 
those used m the standard replay channel, but the amplifier is provided 
with a pre-set gam control so that the output level cannot be altered 
accidentally The output of the amplifier is led through a multi core 
cable to a junction box by means of which connection is made with 
ten pairs of Goodman moving coil receivers mounted m Type C insulated 
headbands The impedance of a pair of receivers connected in series is 
TOO ohms and the ten pairs connected m parallel therefore present an 
impedance of 10 ohms to the output of the amphfier Provision is made 
for feeding the signal to any number of pairs or of single receivers In 
order to do this a swutching arrangement is incorporated m the lead to 
each receiver so that when the receiver is disconnected it is replaced by 
an equivalent resistive load and the output of the amphfier therefore 
remains independent of the number of receivers in the circuit 

It would have been possible to avoid the use of the multi core cable 
and the associated plugs and sockets by locating the switches on the 
headbands It is, hoirever, preferable to keep the sivitches under the 
control of the operator rather than the candidate They are therefore 
located in the audiometer itself and can be seen on the nght of the panel 
shown m Fig 14 

The H T supply to the valves can be checked dunng operation by 
means of a meter and associated switch This meter is also used to 
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check the overall gain of the system. To carry out this measurement 
the telephones are replaced by a resistive load of lo ohms ; the meter is 
then connected across this load and measures the voltage developed from 



a standard pure tone recording. Calibration switches are provided for 
making the connections necessarj^ for this measurement. 

An automatic counter is incorporated for reading the number of times 
each disc is played. This counter is actuated by an arm attached to the 
pick-up which completes an electrical circuit each time the pick-up enters 
the run-out groove at the end of a disc. 
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Fig 13 

Close up view of gramophone audiometer 
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Fig 14 

Gramophone audiometer in operation 




Fig 15 

General Radio Sound Level Meter and Sound Analyser 




Fig i6 

Valve voltmeter and coupler 
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The total harmonic distortion of the system from pick-up to receiver 
IS of the order of 2 per cent 

The equipment descnbed in this section mil serve as a prototype for the 
audiometers which will be required m the event of the test's being accepted 
by the Service 

d Ancillary Equipment 

(а) Noise level meter 

All noise level measurements were made with the General Radio 
Sound Level Meter, type No 759B, shown in Fig 15 

(б) Noise Analysers 

The spectra of the engine noise fields were plotted using a Standard 
Telephones &, Cable Co noise analyser This analyser consists of a 
microphone, attenuators, a variable filter unit, a battery amplifier and an 
output meter The filter unit covers the range 37-12800 c p s in over 
lapping octave bands The analyser was calibrated by summing the 
intensities over adjoining octave bands and equating the result to the 
overall level as measured on the G R 

A G R Sound Analyser type No 760A, was later obtained and used 
for measunng the distortion in the recording and replay channels This 
analyser is shown connected to the Sound Level Meter in Fig 15 
(c) Standard coupler and microphone 

The efficiencies of the telephone units were compared by couplmg 
each receiver to a microphone and measuring the open circuit voltage 
developed across the microphone when a Knoivn signal was applied to the 
receiver A coupling unit was constructed having a cavity of volume 
6 cc which IS approMmately the volume of air enclosed between an 
earpiece and the tympanic membrane This coupler was turned out of 
solid brass cylinder, the dimensions of the cavity being length 2 0 cm , 
diameter i 96 cm Provision is made for clamping the receiver and the 
standard microphone firmly against opposite ends of the cylmdneal 
cavitj Each end of the coupler is covered with a thin layer of rubber 
to prev ent leakage of air when the receiver and microphone are clamped 
in position 

The Standard Electric moving coil microphone mentioned m the 
section dealing with recording, was used in conjunction with this coupler 
and the open circuit voltage developed across this microphone measured 
on a sensitive valve voltmeter 
(rfl Valve voltmeter 

The voltmeter on which the voltages developed across the S E 
microphone were measured had an input impedance of i megohm and 
consisted of a two stage high gam valve amplifier coupled to a cathode 
follower which served to prevent the low impedance indicating meter 
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from short circuiting the second stage of the amplifier. In this way it 
was possible to obtain almost the full amplification of the two valves. 
This voltmeter is shovm in Fig. i6 connected to the S.E. microphone and 
standard coupler. 

(f) Pure tone oscillator. 

A Birmingham Sound Reproducers beat frequency oscillator, type 
number LO 800, supphed the pure tones used in these experimental 
investigations. The output of this oscillator when optimally loaded is 
constant to wthin 2 db. over the frequency range 50-10000 c.p.s., and 
the total harmonic distortion is less then i per cent. 

[f) Pure tone audiometer. 

The pure tone audiometer used throughout was a Western Electric 
audiometer, type 6a. 

5. Experimental Articulation Tests 

It has been said in section 3, p. 145, that it would be necessary to seek an 
alternative to sentence articulation tests as a basis for the new hearing 
test. It is proposed in the present section to describe the experimental 
work which was undertaken in order to decide upon a satisfactory alter- 
native. This work falls into two parts : {a) a preliminary series of experi- 
ments designed to determine whether a sound or a word articulation 
test would be more satisfactory as an alternative to sentence tests ; 
this led to the conclusion that a sound articulation test was likely to 
prove more satisfactory, and (6) a further series of experiments to 
reaffirm the correlation between sentence and sound articulation scores 
and to determine the range of scores to be expected from “ normal ” 
■untrained subjects in these tests. The plan adopted in describing these 
experiments is the following ; 

i. The test material used in the articulation te.sts is described, together 
with the marking of the responses. 

ii. The conditions and technique of testing are described, 

iii. The results of the tests are discussed. 

a. Types of Test Used. 
la. Sentence articulation tests. 

The sentences used for these tests are those mentioned above (p. 143) as 
having been designed to test the hearing of speech by deaf people. Each 
test consists of 25 syntactically simple sentences, deahng with common- 
place ideas and using only the simplest vocabulary. A sample of these 
sentences is given in Appendix II, p. 197. It will be obvious from this 
sample that no ordinary person would have any difficulty in grasping 
the ideas expressed or would find any of the words unfamiliar. Since 
the number of sentences used for each test was small it was desirable to 
ensure that ever}'^ test contained a proper representation of the speech 
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sounds of English No sound count of Bntish Enghsh speech was avail- 
able so a count was made over a total of 17,000 sounds occumng in phonetic 
transcnptions of current Enghsh speech The occurrence of sounds m 
the sentence tests was compared mth the values obtamed and the result 



IS shown m Fig 17 The high occurrence of a and 8 m the tests is 
due to the frequent use of '' a ’ and " the ’ in the sentences These 
words were given no value in the marhmg of the tests 

In order to standardize as far as possible the marking of the sentence 
tests by different people it was decided to modify the usual system of 
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allowing one mark per sentence. Since each subject listened to 25 
sentences only it would have been necessary to multiply scores by four 
in order to obtain a percentage on the one-mark-per-sentence system 
and it seemed preferable from every point of view to introduce a system 
of partial credits for the sentences. In each sentence, therefore, one 
mark was allowed for every word which helped to carry the sense of the 
sentence, with an average of four marks for each sentence. This provided 
not only a well standardized but also a more sensitive method of marking. 
It should be noted that this method in no way alters the character of the 
test as a sentence articulation test since the listener still depends on 
linguistic context for his understanding. 

2a. Word articidation tests. 

The word articulation tests used in these experiments were also taken 
from " Tests for the Hearing of Speech by Deaf People ” (Fry & Kerridge). 
Each test consisted of a list of 25 monosyllabic nouns, aU words which 
were likely to be familiar to the subject. Again in these tests care was 
taken that the sound distribution should approximate fairly closety to 
that of current English speech. The result of the sound counts is shown 
in Fig. 18. A specimen of the word lists is given in Appendix II, p. 197. 

A single word test carried 25 marks, one for each word right, and the 
percentage score was obtained by multiplying the actual score by four. 

3a. Sound articulation tests. 

The sound articulation tests used for the first experiments were of the 
type described on p. 146. The words used by Harvey Fletcher were adapt- 
ed to form two lists of words, one designed to test reception of consonants, 
both initial and final, and the other the reception of vowels. The con- 
sonant list was made up of two series of words ; the words in one series 
consisted of an initial consonant plus the vowel ai, and in the other 
series of the sounds wi plus a final consonant. Each list used contained 
30 words and in each word only one sound carried a mark, the initial 
consonant in the first series and the final consonant in the second series. 
The vowel list contained words made up of an initial b and a final t, with 
one of II vowels. In any one vowel list the word containing a given 
vowel was used twice so that a vowel list comprised 22 words. Again 
in this list only one sotmd, the vowel, carried a mark. Five alternative 
consonant and vowel lists were obtained by rearranging the two sets of 
words. A specimen of each type of list is shown in Appendix II, p. 197. 

Each subject was given one consonant and one vowel test and from 
the results of these a sound articulation percentage was arrived at by 
combining the scores for the vowel and consonant tests. 

b. Testing Technique 
ib. Recording of material. 

The various lists of sentences and words were recorded with the 
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equipment descnbed m section 4b All the recordmgs were made by 
the same announcer who spoke at a fixed distance from the microphone 
and kept the overall level of his voice as constant as possible While 
each disc was bemg cut, the speech was wntten down in front of the 



announcer so that he could estimate the amount of time to allow between 
succeeding words and sentences The writing speed was very slow so 
that sufficient time would be allowed for the least alert of candidates 
likely to be tested A complete sentence list required two discs and two 
word lists were recorded on a single disc 
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Although the recording conditions were kept as constant as possible 
it was found that the level of the speech did vary slightly from disc 
to disc. In order to allow for this variation the whole series of test discs 
was replayed through a loudspeaker and one disc was chosen as the 
reference. Subjective determinations were then made by three trained 
listeners as to the amount of attenuation required on replay in order to 
bring the output of aU discs to the level of the reference disc. Very 
good agreement was obtained in these judgments and the relative replay 
levels determined in this way were maintained during aU subsequent 
tests. 

For these tests it was decided arbitrarily not to play any pressing 
more than 30 times and to change the replay needle after each 30 playings. 
These are much less than the playing life given by the manufacturers 
of discs and needles and later tests have shown that we were justified in 
assuming that the articulation scores would not have deteriorated appre- 
ciably owing to wear of the disc or the needle after this number of playings. 

2b. External noise field. 

All the articulation tests were carried out in the standard aero-engine 
noise field described in section 4a. The mean overall level of the noise 
was set at no db. as measured on the G.R. Sound Level Meter and the 
constancy of this level was checked during the tests by watching the meter 
in the output circuit of the noise amplifier. 

3b. Protection against noise. 

In order to reproduce actual flying conditions as closely as possible, 
the subject should, when placed in the noise field, be afforded the normal 
protection from the noise, that is he should wear one of the Service type 
flying helmets. In the first series of tests, designed to measure the degree 
of correlation between the results of sentence and word, and sentence and 
sound articulation tests, one Type C Service flying hehnet of medium size, 
fitted with a pair of British Goodman moving coil telephone receivers, 
was used for all subjects. Given the immense variety in the size, shape 
and layout of heads, it was manifestly impossible that the one helmet 
should provide an equally good seal against the noise for all subjects. 
But since in these experiments only a correlation was being sought, and 
since each subject did all three tests at one sitting without removing the 
helmet, it was felt that this factor should not unduly influence the cor- 
relation between the results. When the second series of tests was under- 
taken with the object not only of reaffirming a correlation but also of 
gaining information as to the range of scores to be expected from such a 
test in standard conditions, it was obviously necessary to control this 
factor. The Type C helmet was therefore replaced by a new type of 
headband (the Type C insulated headband) which had just come into use 
in Coastal Command. With this headband the position of the ear pads 
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and telephone holders was adjustable so that for any head the earpiece 
could be fairly accurately positioned opposite the auditory meatus 
Once this adjustment was made, the pressure on the ear pads was reason- 
ably constant whatever the size or shape of the head The Type C helmet 



and the adjustable headband are shown m Fig rg, and the attenuation 
effected bj' the helmet and headband respectively are shoivn in Fig 20 
In both senes of tests the signal/noise ratio was selected by keeping 
the noise level constant and varymg the speech level dunng some tnal 
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tests until it seemed probable that the scores for the sound test 
be scattered about a mean of approximately 50 per cent. 
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Fig. 21. 

Form for sentence articulation test. 


4b. Recording of responses 

Each subject was pro\dded wth the necessary forms shoivn in Figs. 
21 and 22. He was asked to listen carefully to each word or sentence 
and then to write it dowm opposite the appropriate number on one of 
the forms. He was told that there would be a very loud and disturbing 
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background of aero-engine noise and it was impressed upon him that he 
should endeavour to ^vrite down as much of each sentence or word as 
possible, using context as a guide in the case of sentences. It was foimd 

P.-. . Date r.*?"?-. Articulation Card .P. 
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Correct 13 

FlC. 22. 

Forms for sound articulation test. 

that most of the subjects understood straight away what they were 
expected to do and co-operated fully in the tests. The method of marking 
the responses is treated in section 5a. 
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c. Results of tests 
ic. First series. 

In the first series of experiments one hundred subjects were tested 
with sentence, word and sound articulation tests. Most of these subjects 
were fuUy trained aircrew personnel and they included men with varying 
degrees of hearing loss. At this time we had Httle information on the 
influence of hearing loss on the ability to perform such a test and we 
hoped that by using subjects with widely differing audiograms we should 
obtain scores scattered over a fairly wade range for aU types of test. 
The results of both series of tests show however that the scores from a 
sample of subjects with " normal ” audiograms may scatter just as widely 
as those from a group of subjects vdth varying degrees of hearing loss. 
It was indeed soon apparent in this experimental work that it was 
difficult to predict from a subject’s audiogram whether he was likely to 
do well or badly in an articulation test in a noise field. 

Each subject was given one sentence, one word and one sound 
articulation test. Assuming a linear relation between the variates, the 
product-moment correlation co-efficients were calculated in the usual 
way for the sentence-word and the sentence-sound scores. These 
calculations gave a correlation co-efficient of o • 530 for the sentence-word 
scores and of 0-819 for the sentence sound scores. 

This result showed that the correlation between sentence-sound 
scores was closer than that between sentence-word scores and it was 
therefore decided to carry out the sentence and sound tests only in the 
second series of experiments. 

2C. Second series. 

The next group of tests was undertaken with two objects in ■\aew, 
first to check the correlation between sentence and sound scores for a 
sample of untrained subjects and second to find out how the scores were 
likely to scatter for these subjects in both types of test. The subjects 
tested were 100 cadets from No. i Aircrew Receiving Centre, London, that 
is to say they were aU men who had been selected for flying training and 
had therefore passed the 20 ft. hearing test and clinical examination at 
one of the Aviation Candidates Medical Boards. Pure tone audiometr}’’ 
was carried out on every subject and very few of them showed a loss 
of more than 15 db. at any one frequency. The hundred were given the 
sentence and sound tests in the conditions outlined in sections 4 a and 5 b. 

The results of this second series of tests are tabulated in Fig. 23. 
The product-moment correlation co-efficient for the sentence-sound 
scores under these more rigidly controlled conditions has the value 
0-706. This is rather lower than the value obtained in the first series 
of tests but it must be remembered that we are now dealing with com- 
pletely untrained men and their performance is more likely to vary 
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from test to test than is the case with trained aircrew who are accustomed 
to listening to speech signals under conditions of acoustic stress. 

The frequency distribution of the scores on the two tests shows that 
the sentence scores are much more widely scattered than the sound 
scores. This may be partly due to the fact that the sentence test requires 
a certain amount of intelligence in the piecing together of words imper- 
fectly heard and therefore reflects to some extent the mental capabilities 
of the subject, whereas the sound test is a more direct measure of the 
ability to hear speech sounds under these special conditions. 

As the sample is fairly large and the value of the correlation co- 
efficient " r ” is not too great, the standard error of “ r ”, ct^., has 


been calculated from the formula ^r= 


I — r. 


This gives the value o • 050. 


“ r ” is therefore equal to 14 times its standard error and the probability 
of getting this value of ” r ” from samples which are drawn from un- 
correlated populations is quite negligible. There is, therefore, a signi- 
ficant correlation between the scores on the sentence test and those on 
the sound test, and we are justified in adopting the much shorter and 
much more easily constructed sound test as an index of a man’s ability 
to hear connected speech in the presence of noise. 

The results of these tests were particularly interesting in showing that 
articulation scores from subjects with ” normal ” hearing were likely to 
vary over a wide range and thus suggested that the ability to do well in 
an articulation test in noise is not correlated in any simple manner with 
threshold for pure tones. The only general tendency is for a subject with 
a low tone hearing loss to do weU in the articulation tests. A more 
complete investigation of the relation between threshold hearing loss and 
scores in articulation tests in noise would require a much larger number of 
subjects with all types of hearing loss. It is hoped to carry out such an 
investigation at some time in the future. 


6. Practical considerations in devising a new testing routine 

a. At this stage it is worth while outlining certain practical conditions 
which a new testing routine should fulfil if it is to stand a reasonable 
chance of being considered by the Service for introduction at the Medical 
Boards. In brief these conditions are ; — 

(fl) The total cost of the equipment required must be kept low. It 
is very doubtful whether any test would be accepted which would entail 
an expenditure of more than £70 for each installation. 

(b) The amount of room taken up by the testing equipment should 
be as small as possible. In general, the premises occupied by Medical 
Boards are congested and most of the floor space available is likely to be 
in use. 
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(c) It 15 essential that the apparatus should require very little 
maintenance It should be robust and capable of functionmg for long 
periods without adjustment This means that the signal levels must be 
fixed by pre set controls and must remain reasonably constant ivithout 
skiUed attention 

(d) It IS obviously desirable, m order to save time, to be able to test 
a number of candidates simultaneously In this way lo men, say, could 
pass through the exammation in httle more than the time required for 
one man , the only increase would be in the time needed to mark the extra 
results 

(e) It IS hardly likely that the mtroduction of noise fields of the 
order of no db at Medical Boards would be accepted without lively 
protest from other departments In order to reduce such an intense 
noise to a tolerable level it would have to be confined by a booth of 
elaborate and expensive construction The cost alone of such a booth is 
sufficient to rule it out of consideration It is evident then that we must 
look for a method of testmg which does not require the production of 
intense external noise fields, but which wiU measure the same ability and 
give results which correlate closely with those of the sentence articulation 
test already descnbed 

In the next paragraph a testmg routme is descnbed which appears to 
fulfil the conditions laid down above It will be shown later that the 
results of this type of test do mdeed show a significant correlation with the 
results of the articulation tests in external noise, and we believe that this 
IS m every way a practicable test for use at Medical Boards 

b As a modification of the tests already descnbed it is proposed to 
record the speech and the engine noise on the same gramophone disc so 
that both are delivered through the listener’s telephones In what 
follows, this particular type of test will be referred to as a " masked 
articulation test ” The spectrum and the overall intensity of the noise 
at the ear drum should approximate to those of the noise inside a standard 
flymg helmet under typical flying conditions The ratio of the levels of 
the speech and noise should then be fixed so that the test is neither too 
easy nor too difficult This means that the level of the speech must be 
much less than that delivered by the standard mter communication 
equipment in aircraft , otherwise the test would be too easy and the 
scores would tend to crowd mto the upper end of the scale 

It is not pretended that the effects of a noise delivered mto the tele- 
phones are m every way equivalent to those of an external noise of the 
same intensity at the ear drum, but if the results of the two types of test 
show a significant correlation we believe we are justified in adopting the 
second type 

Such a test has obvious advantages The only equipment required is a 
turntable and pick-up, a suitable amplifier and a headset The cost need 
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b. Constant Signal/noise Ratio Test 

Experience with the " fading word test ” suggested that a sound 
articulation test given at a constant signal/noise ratio was likely to be 
more satisfactory form of hearing test and this was the type of test which 
was tried next. A list of 68 words was selected such that the sound 
distribution conformed with that shown in Table II. This list was 
divided into two parts each containing 32 CVC words, one CV and one 
VC word. Each half of the test was preceded by six words, similar in 
character to the test words, which were not included in the marking of 
the test. These words were intended to give the candidate a chance to 
get used to the masking noise and to the testing conditions before getting 
to the real business of the test. In aU, three complete tests were con- 
structed, and the two parts of each test were recorded in the following 
manner. 


TABLE I. The value of ' E ' for speech sounds in external noise. 
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lb Recording of test material 

The masking noise was provided by the noise generating apparatus 
descnbed on p 146 The output of the noise amplifier was led through an 
attenuator to the recordmg amplifier and thence to the cutter-head of 



the recording apparatus It was desirable that the masking noise as it 
arrived at the subject’s ears should resemble as far as possible the noise 
which one hears inside a flying helmet when m the presence of actual 
aero-engme noise The effect of the flying helmet is to attenuate the 
noise, particularly at the higher end of the spectrum and therefore when 
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he IS allowed 3 marks, since he has recorded the sounds correctly If the 
test were to be used extensively for Canadian or Australian forces, for 
example, it would obviously be necessary to#have the word lists recorded 
by Canadian and Australian speakers, in order to reduce the number of 
allowances that have to be made 
3b Subjects tested 

Both the constant signal/noise ratio sound articulation test and the 
sentence articulation test were given to 100 subjects under standard 
conditions in order to estimate the degree of correlation between the two 
sets of results Most of these subjects were cadets from the Aircrew 
Receiving Centre, but a few men who had failed to pass the whisper test 
at one of the Medical Boards were also included It was noticed that 
most of the deaf subjects who did obtain low scores had a hearing loss 
of the perceptive type On the other hand some of the \ ghest scores 
were given by men who had quite a considerable degree of conductive 
deafness The results of these tests are tabulated in the correlation 
chart. Fig 26 ^ 

4b Correlation uxth sentence arttcnlahon 

The correlation co efficient, calculated from the chart, has the value 
of 0 440 This shows that there is a significant correlation between the 
two sets of scores and it does appear that the second type of test is a 
satisfactory alternative to the test in external noise It fulfils the general 
conditions laid down in section 6 and appears to ue suitable for intro- 
duction in the Service In future this test will be referred to as the heanng 
efficiency test , 

8 Calibration o£ the Hearing Efficiency Test 

One of tfie most difficult problems arismg in the development of a 
test of this type is the selection of the standard score which a candidate 
must reach in order to pass the test In our c^e we have already decided 
that the test must select those men who are capable of receivmg radio 
and intercommunication messages satisfactorily under actual flying 
conditions The pass mark for the test must therefore be based on the 
scores of a large number of fully trained operational personnel, due 
allowance being made for any effect which training may have on the 
scores as the test will be applied to untrained candidates It is, of course, 
possible that some flymg men are unsatisfactory as regards heanng and 
are retained on operational duties either because in their particular 
work the reception of messages is not essential, or because their ability 
in other directions more than compensates for any heanng defect which 
they may have It has proved very difficult to get an unbiased report 
about each aircrew member from his flight or squadron commander, 
and so it has been assumed that any man who is actually engaged on 
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Fig. 26. 

Con elation between sentence articulation and the results of the efficiency test, 
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operational flying can hear satisfactorily in noise If a large number 
of cases is tested the fraction for whom this assumption is not justified 
IS likely to be small 

a Apparatus used for Calibratio'i 

The scores for trained personnel can onty be obtained by taking 
portable equipment to operational and training stations and testing the 
men whenever they happen to be off duty A compact form of electncal 
gramophone and amplifier was therefore constructed, the output of the 
amplifier being fed into ten pairs of telephones so that ten men could 
be tested at once A full descnption of this piece of apparatus is given 
in section 4 2c 

b Effects of Training on Scores 

Before the standard for untrained personnel can be established it is 
essential to know by how much a man’s score will vary during the course 
of his flying training Some improvement might be expected as he 
becomes more expenenced m listening in noise It is clearly impracticable 
to test the same group of individuals at the beginning and at the end of 
their penod of training as the course lasts 9-12 months, and so it was 
decided to take a representative group of about 100 men at each of four 
stages in the course and note the variation in the mean score of the groups 
The four stages decided upon were (r) The Aircrew Receiving Centre 
where recruits are pooled immediately after being accepted for the Service 
No flying IS done at this stage These men are equivalent to civilians 
who have passed the 20 ft whisper test (2) The Advanced Flying 
Unit Pilots who have passed through the Elementary Flying Training 
and Service Fljung Training Schools, which are usually situated abroad, 
pass a few weeks on this course while waiting for vacancies at the Opera- 
tional Training Units These men have all received their wings and have 
had some expenence m receiving messages through Gosport Tubes 
A few may have been trained in planes fitted with an electncal intercom- 
munication system (3) The Operational Training Unit At these 
units fighter and bomber aircrew personnel receive operational training 
in Service aircraft The courses may last some months and only those 
who had been there for at least a fortnight were included in the test 
group {4) Operational aircrew 

It was noticed that at the O T U and operational stages a considerable 
number of Dominion and foreign personnel were amongst those tested 
Their results were later eliminated as it was felt that they might possibly 
have some difficulty mth the accent of the announcer 

A number of aircrew ivireless operators under training were also 
tested at one of the signals schools and their results are added for 
companson 
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The results of all the tests are 

tabulated below. 

Number Mean 

Standard 

Stage 


tested 

score 

deviation 

A.C.R.C. 


196 

76-51 

±6-94 

A.F.U. 


189 

79-26 

±6-42 

O.T.U. 

(a) 

329 

77-21 

±7-19 

>> 

(b) 

229 

78-93 

±6-00 

Operational 

(a) 

143 

74-10 

±8-86 

tt 

(b) 

73 

76-32 

±7-09 

Signals School 


98 

75-52 

±7-38 


The suffix (b) refers to the results for subjects from the British Isles 
only. It can be seen that the mean scores for these subjects are slightly 
higher than for the corresponding unrestricted group. The standard 
deviations are also slightly less, largely owing to the removal of some of 
the stragglers at the lower end of the frequency distribution. 

Two reasons may be advanced to explain the rise and subsequent fall 
in the mean scores. At both the A.C.R.C. and the A.F.U. stages the 
trainees were very keen to co-operate as fuUy as possible. They were 
probably under the impression that the results of the test would in some 
way affect their future. The rise in score can therefore be attributed to 
the effect of experience, although most of the subjects had up to that 
point used only Gosport Tubes. At the O.T.IJ.'s and operation^ stations 
this keenness was not so marked. Although willing enough to try the test 
some of the men took it rather light-heartedly and their concentration may 
not have been so intense. This could account for the faU in the scores at 
these stages. At the same time it is quite possible that an increased 
number of flying hours in noisy Service aircraft does in fact impair the 
hearing efficiency to a certain extent. The loss produced by exposure 
to noise is of the perceptive type which we know from previous experience 
in testing deaf subjects is more likely to cause a low score on this test 
than a comparable loss of the conductive type. 

The general conclusion to be drawn from these results is that on the 
average the score of a fully trained man is not likely to be appreciably 
greater than that of a completely untrained candidate. This conclusion 
is supported by the results of subsequent tests on a much larger number 
of subjects, described in sections 8.c and 8.d. 

c. Performance of Operational Personnel 

It has been said that the pass mark for the test must be based on the 
results of fully trained operational personnel. The gramophone audio- 
meter was therefore taken to Fighter and Bomber Command operational 
stations and the test given to 700 aircrew members, 117 from Fighter 
Command and 583 from Bomber Command. 

Each man was told before attempting the test that the results would 
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not affect him personally, but it w’as pointed out to him that he was helping 
to set the standard for a new Service heanng test and that lack of con- 
centration on his part would make the results quite useless In every 
case the co-operation was very satisfactory. The frequency distribution 



of the aircrew scores is showm m Fig 27 Assuming that all personnel 
engaged in operational flymg can hear satisfactorily m noise, we should 
be compelled to set the pass mark at least not higher than the lowest 
score obtained by the operational personnel This \\ouId, however, 
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give an impossibty low pass mark and as the correlation between the 
results of the efhcienc}'^ test and the ability to receive connected speech 
in noise is not complete, it is better to set a provisional pass mark at 
some reasonable figure which only a small proportion of the operational 
personnel fail to reach. For example, with a pass mark of 6o per cent, 
only 2-7 per cent, of these subjects fail to reach the standard. This does 
not appear an unduly high proportion in view of the assumptions that have 
been made, and this value might weU be adopted as the provisional 
pass mark. The validity of this standard can be established by noting 
the number of aircrew who are lowered in medical category when the test 
has been in operation for some time. With the present test this number 
is small and it would appear therefore that few candidates are admitted 
who cannot carry out their duties efficiently. An increase in the number 
of men who have to be degraded later would mean that the new test 
is admitting unsuitable candidates and the pass mark would have to he 
raised. It will be seen later (section 8.d) that a pass mark of 60 per cent. 
whU probably produce a rejection rate which compares favourably with 
that of the present test. 

d. Comparison with the Present Test 

It is important to know whether this new hearing test will let through 
more candidates than the standard whisper test. In order to compare 
the two tests our portable testing equipment was installed at one of the 
Aviation Candidates Medical Boards, and every man passing through the 
board was given both tests. This, was continued until data had been 
collected on 1,000 men. 

The number of candidates who failed to hear forced whisper at 20 ft. 
and so were rejected for aU forms of flying duties was 39, i.e. 3-9 per cent. 
From the frequency distribution of the scores on the efficiency test. 
Fig. 28, it can be seen that in order to fail the same percentage of men as 
the whisper test the pass mark would have to be set at 62 per cent. The 
number of candidates whose scores fell below our proposed pass mark of 
60 per cent, was 23. That is to say, with this standard the number of 
failures is reduced by approximately 40 per cent. 

In order to compare the results of the rmtrained and fully trained 
personnel it is necessarj^ to exclude from the former the scores obtained 
by candidates who fail the whisper test as aU the operational personnel 
have at some time passed this test. Fig. 29 shows the frequency distribu- 
tion of the first 700 A.C.M.B. candidates who passed the whisper test. 
It can be seen at once that the distribution is very similar to that of the 
fuUy trained personnel, see Fig. 27. The difference between the two 
means is only 0-2 per cent, which bears out our previous conclusion 
(p. 182) that the score obtained by a fulty trained man is not likely to 
be appreciably greater than that of an untrained candidate. 
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It IS interesting to note that the candidates who failed the whisper test 
were in almost all cases not those who failed the efficiency test In fact 
out of the 23 who scored less than 60 per cent only two failed to pass 
the whisper test Out of the remaining 21, 7 were rejected for flying 



Fig 28 


duties on other grounds The other 14 who entered the Service wiU be 
kept under observation during training in order to find out whether they 
do in fact have difficulty m listening in noise 

It w as noticed that quite a number of candidates w ho failed the whisper 
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test obtained remarkably high scores on the efficiency test. Most of 
these had some degree of conductive deafness as indicated by tuning 
fork tests. 



e. Reliability of Results 

At this stage a short series of tests was carried out to measure the 
reliability of the efficiency test and the difference in intrinsic difficulty 
between the alternative word lists. A, B and C, and also to get an estimate 
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of the number of times a disc can be played without appreciable 
detenoration 

By reliability is understood the probability of obtaining closely 
similar scores when the test is given tmce to the same subject A simple 
vay of estimating this probability is to determine the correlation co- 
efficient for first and second attempt scores 

All these tests were earned out at the Aircrew Receiving Centre 
Forty cadets were allowed two attempts at the efficiency test and it was 
noted in most cases that the scores were higher at the second attempt 
It is very unlikely that memory can affect the results of a test of this 
length and consequently the increase in the scores is due to practice m 
listening under these conditions The two sets of scores obtained are 
shown in Table III The product moment correlation co efficient, 
calculated in the usual way, is equal to o 943 This value is sufficiently 
high for us to be able to say that the test is highly reliable 


TABLE III Diflerence between ist and 2od attempt scores on efficiency test 


xst attempt 

X 

2nd attempt 

y 

(Y-X) 

1st attempt 

2nd attempt | 

1 

(Y-X) 

73 

78 

a 

73 

77 

i 4 

49 

56 

1 7 

75 


1 


74 

5 

82 

83 

1 

63 

72 

1 4 

7a 

1 77 

1 ^ 

54 

64 : 

t 

76 ; 

S5 

1 9 

68 

72 1 

4 

74 

' 76 

2 

61 

69 

8 

70 

78 

8 

63 

67 

4 


1 61 

2 

62 

58 

~4 

88 

I 90 

2 

69 

69 

0 

82 

83 

1 

8j I 

80 1 

— I 

73 

73 

0 

75 

73 

— 3 

68 

76 

8 

75 

78 

3 

76 

79 

3 

70 

76 

6 

68 

69 

I 

55 

59 

1 ** 

75 

83 1 

8 

86 

85 


63 

66 1 

3 

73 

75 

1 ^ 

84 

88 1 

4 

80 

86 


a7 

60 

3 

64 

71 1 

1 7 

79 

80 1 

I 

82 

83 

1 I 

85 

86 1 

I 


Mean value of (Y— X) = 3 25 Standard error of (Y— X) = ±0 50^ 


From these two sets of scores we are also able to obtain an estimate of 
the “ practice effect ’ that is to say the improvement to be expected 
at a second attempt This effect is assumed to be equal to the mean 
difference between the scores of the 40 cadets The mean difference for 
the 40 subjects is 3 3 and the standard error of this mean is ± 0 51 
We can therefore, take 3 units as the probable increase on retest This 
IS admittedly only a rough estimate of the practice effect, but it serv'es 
to show that scores on retest are hkely to be only slightly greater than 
those on the first attempt On the assumption that memory effects play 
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{2) The total number of pips in each group to vary from 2 to 5. 

(3) The duration of the pips to be as constant as possible and equal to 
the pause between pips. 

(4) The total duration of all the groups to be the same, so that a group 
containing less than 5 pips will contain silent periods. This means 
that all groups will not be given with the same rhythm and there 
will be less chance of a candidate’s guessing the right answer through 
hearing part of a group. 

(5) The recording level must be so adjusted that when the disc is played 
back through the efficiency test equipment and received in one ear 
only the loudness of the pips is judged to be the same as that of the 
signal from the Western Electric audiometer set at the corresponding 
frequency and intensity. 

(6) Each group of pips to be announced by number, the level of voice 
remaining constant throughout the test. 

(7) Two complete discs to be recorded with different arrangements of 
pips in the groups, so that both ears can be tested separately without 
the subject being helped by memory. 


TABLE IV. Arrangement of ‘ pips ’ in pure tone test. 


Frequency 
in C.P.S. 

4000 

Db. above 
Threshold 

60 

Group 

Number 

1 


Arrangement 
of ' Pips ' 


II 

2 

— 

— — 


tt 

3 

— 
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40 

4 - 

— 
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5 


^ ^ — 



6 

— 

— 
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20 

7 


_ _ 
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8 

— 

— — 



9 

— 

— — — 

2000 

60 

10 


_ — 



II 

— 
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12 

— 

— 

,, 

40 

13 

— 

__ __ 

n 

,, 

14 

— 
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I, 

15 

— 

— 


20 

16 

— 

— — — 


- 

17 

18 

— 

— — 

1000 

60 

19 

— 

_ — 



20 

— 

_ — 



21 

— 
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40 

22 

— 

— 



23 
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24 
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20 

25 

— 
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26 

— 
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27 

— 
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60 

28 
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— — 

,, 

,, 

29 

— 

— 

It 

,, 

30 

— 

— — 

tt 

30 

31 
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II 

33 

— 
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A typical arrangement of the pips is shown diagramatically in Table 
IV where each bar represents one pip It wiU be seen that the total 
duration of the group is shorter at each of the 6o db levels This enables 
us to get the whole test on one side of a 12 in disc ivithout unduly rushing 
the pips The 60 db level was considered to be the least cntical as the 
number of candidates having a hearing loss as great as this is not hkely 
to be very large It was found that a tone of 250 c p s 20 db above 
threshold was almost completely masked by the small amount of mams 
hum getting through to the telephones and so it was decided to have only 
two levels at this frequency, one at 60 db and the other at 30 db above 
threshold 

b Recording of the Pure Tone Test 

The discs were recorded using the channel described in section 3 b 
The pure tones were obtained from the B S R oscillator and fed through 
the attenuators to the recording amphfier A Morse tapping key was 
inserted between the oscillator and the attenuators so that the signal 
could be interrupted at will The connections to the key were so arranged 
that each time the output circuit was broken a dummy load was connected 
across the output of the oscillator so keeping the voltage fairly constant 
In selecting the attenuator settings continuous bands of each pure tone 
were recorded and replayed through the gramophone audiometer These 
recorded tones were listened to with one ear and the loudness of each 
tone was compared subjectively with that of the signal from the Western 
Electric audiometer at the required frequency and intensity, received in 
the other ear A series of subjective judgments was needed in order to 
determine the attenuator settings in the recordmg channel which would 
give the required sensation levels on replay When these settings had 
been determmed provision was made for injecting speech signals mto 
the channel so that the group numbers and the opening and closing 
announcements could be recorded 

The complete recording channel is shown schematically in Fig 30 
VTien the microphone was in use the attenuators were removed from the 
circuit by means of the srvitch S 

The two tests were recorded and pressings from the master records 
were used in a senes of tests to determine how closely the results agree 
with pure tone audiometry 

c Technique and Marking or Test 

The subject wears the headband and receivers used in the efficiency 
test, but the signal is sent to only one ear at a time He is provided with 
the form shown m Fig 31 on which he is asked to record his name and the 
ear in which the signal is received It is explained to him that he will 
hear a series of groups of pips of varymg pitch and loudness, each group 
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and threshold is recorded as 15 db. and hearing loss between 60 db. and 
30 db. as 45 db. A glance at Fig. 31 wll make this method of recording 
the results quite clear. 

It must be emphasized that this test cannot measure hearing loss to a 
greater accuracy that ± 10 db., and that a result which is expressed as 
30 db. simply means that the hearing loss for that frequency lies somewhere 
between 40 db. and 20 db. 

d. Grading of Candidates by the Diagnostic Test 

It has been said above that a candidate who passes the efficiency test 
is to be considered fit for some form of flying duties. It is proposed to 
divide all candidates who pass the test into two categories on the basis of 
their hearing loss. Category A will include men fit for aircrew duties 
requiring the highest degree of auditory acuity and reliabilit}^ ^^ffiat 
these duties are would be decided upon in consultation with the Signals 
and General Duties branches of the R.A.F. They would probably 
include, for example, the duties of Fighter pilot and wireless operator 
since these men have ultimate responsibility for the reception of radio 
signals in their aircraft and the safety of others may well depend on their 
hearing efficiency. 20 db. has been fixed as the greatest hearing loss 
permissible at any frequenc}'^ for admission to category A ; that is to 
say, a candidate will be placed in category A only if the result of his 
diagnostic test reads 10 db., 10 db., 10 db., 15 db., for each ear. 
Candidates who fail to reach this standard in the pure tone test will be 
placed in categorj' B. 

e. Comparison of Results with Pure Tone Audiometry 

To determine the validity of the diagnostic test it is necessary to 
compare its results ■with those of pure tone audiometry on a large number 
of cases with varying types of threshold cmve. This comparison can 
be made by grading candidates on both pure tone audiometry and the 
diagnostic test. The first hundred cases which have been treated in this 
way have shown that the agreement between these two methods of grading 
is not sufficiently close to justify the adoption of the diagnostic test in its 
present form, as 9 per cent, of the cases were wrongly graded. It must 
be remembered that the grading with the diagnostic test depends on the 
reception of the 20 db. level at each frequency. The results at this level 
are likely to be unreliable owing to the masking effect of needle scratch 
and any sudden extraneous noise. If the number of groups given at this 
level is increased it is probable that the results will become more stable 
and the grading on the new test may be more satisfactory. We therefore 
propose to record another version of the test with a greater number of 
groups at the 20 db. level and a report on this new test will be given 
later. 
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candidate cannot hear a particular level because he failed to record the 
group correctly. 

For convenience in presenting the results of the test the following 
convention has been adopted. If a subject receives the 20 db. level 

Name. .e^.MFA^X. .... So... -^J. 7 ^A'?P. 

.Ear. 


1. // 

10, /!/ 

1 / 19 . //// 

28. 

Ill 


2. /// 

tx' 11. // 

20. /// 

y' 29 . 

II 

1/" 

5 . // 

12. II 

21. Ill 

30 . 

III 


U-. //// 

X 15. //// 

i/22. II 

1 / 31. 

//// 


5. ///// 

1 / 14 . II 

A 25 . nil 

1^52. 

III 


6. /// 

X 15. II 

X 24 . ///// 

t/55. 

itn 

X 


7. /// X 16- X 25. /// 

8. // 17. / X 26. H t/ 


9. 1 X 18. 

X 

27. // 

X 


Frequency 

4000 

2000 

1000 

200 

Hearing Toss: 

■ 50 

50 

10 

15 


^/ 0778 . 


Fig 31 

Form for pare tone test 


correctly his hearing loss is recorded as 10 db , if he receives 40 db but 
not 20 db it IS recorded as 30 db . if he receives 60 db but not 40 db 
it is recorded as 50 db This applies to 4000, 2000, and 1000 c p s 
As there are only two levels for 250 c p s hearing loss between 30 db 
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and threshold is recorded as 15 db. and hearing loss between 60 db. and 
30 db. as 45 db. A glance at Fig. 31 wll make this method of recording 
the results quite clear. 

It must be emphasized that this test cannot measure hearing loss to a 
greater accuracy that ± 10 db., and that a result which is expressed as 
30 db. simply means that the hearing loss for that frequency lies somewhere 
between 40 db. and 20 db. 

d. Grading of Candidates by the Diagnostic Test 

It has been said above that a candidate who passes the efficiencj'^ test 
is to be considered fit for some form of flying duties. It is proposed to 
divide all candidates who pass the test into two categories on the basis of 
their hearing loss. Category A will include men fit for aircrew duties 
requiring the highest degree of auditory acuity and reliability. What 
these duties are would be decided upon in consultation with the Signals 
and General Duties branches of the R.A.F. They would probabl}' 
include, for example, the duties of Fighter pilot and wireless operator 
since these men have ultimate responsibility for the reception of radio 
signals in their aircraft and the safety of others may well depend on their 
hearing efficiency. 20 db. has been fixed as the greatest hearing loss 
permissible at any frequency for admission to category A ; that is to 
say, a candidate will be placed in category A only if the result of his 
diagnostic test reads 10 db., 10 db., 10 db., 15 db., for each ear. 
Candidates who fail to reach this standard in the pure tone test will be 
placed in category B. 

e. Comparison of Results with Pure Tone Audiometry 

To determine the validity of the diagnostic test it is necessary to 
compare its results wth those of pure tone audiometry on a large number 
of cases with varying types of threshold cunm. This comparison can 
be made by grading candidates on both pure tone audiometry and the 
diagnostic test. The first hundred cases which have been treated in this 
way have shown that the agreement between these two methods of grading 
is not sufficiently close to justify the adoption of the diagnostic test in its 
present form, as g per cent, of the cases were wrongly graded. It must 
be remembered that the grading with the diagnostic test depends on the 
reception of the 20 db. level at each frequency. The results at this level 
are likely to be unreliable owng to the masking effect of needle scratch 
and any sudden extraneous noise. If the number of groups given at this 
level is increased it is probable that the results will become more stable 
and the grading on the new test may be more satisfactory. We therefore 
propose to record another version of the test with a greater number of 
groups at the 20 db. level and a report on this new test will be given 
later. 
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10 . Appbcation of the New Test 
a Personnel to be Tested 

It IS proposed that this new hearing test should replace the ao ft 
forced whisper test at the Aviation Candidates Medical Boards It will 
therefore be given to aU candidates for flying duties in the Royal Air 
Force It will also be given to flying personnel at invahding and com- 
missioning boards and to cases sent to the Consultant m Oto rhino- 
laryngology for assessment It is estimated that about 14 complete sets 
of testing equipment wll be required to carry out this programme 

b Description of Complete Test 

It may be as well at this stage to describe the whole process of testmg 
an aviation candidate under the new scheme and to recapitulate the 
information which Mould be handed to the examining specialist as a 
result of the test 

The candidate would first do the efficiency test, 1 e would hear the 
complete articulation test delivered to both ears, and would wnte dorvn 
his responses These would be handed m for correction and he would 
go on immediately to the pure tone test, given first to one ear and then 
to the other He would then proceed to some other part of his medical 
examination whilst the correction of his responses to both tests was 
completed If his score for the efficiency test were below the required 
standard he would be rejected for aircrew and would proceed no further 
with the medical examination All candidates who reach the required 
standard in the efficiency test would be sent on to the Ear Nose and 
Throat specialist who would receive also the results of the candidates’ 
pure tone test The latter will give him the following information about 
each candidate — ^Whether he has in either ear a hearing loss for any of 
the frequencies 250, 1000, 2000, 4000 c p s , and whether such hearmg 
loss is between 0 and 20 db , between 20 and 40 db , between 40 and 60 
db , or greater than 60 db The specialist wull decide whether there is 
any clinical reason for rejecting the candidate in spite of his having passed 
the efficiency test, and if there is none, he will accept the candidate for 
flying duties and record his category (see section 9 d) 

c Training of Operators and Maintenance of Equipment 

It will be evident that the carrying out of the two tests can scarcely be 
undertaken by the Ear, Nose and Throat specialist himself since a con- 
siderable amount of work will be involved in the markmg of the responses 
to the test and in the operation of the equipment It will therefore be 
necessary to provide operators who will undertake these duties Probably 
W A A r personnel, if specially selected, will be most suitable for this 
purpose The operators would need some penod of training, more 
particularly m the marking of the responses, since it is essential that the 
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marking should be done in as uniform a manner as possible. It is also 
desirable that the operator should have at least some knowledge of the 
objects and of the technical basis of the test. 

In order to mark the articulation tests, the operator will need first to 
acquire the ability to distinguish pronunciation from spelling. This will 
be achieved by means of elementar3' instruction in the phonetics of 
English and by extensive practice in the marking of sample test responses. 
The instruction \vill include some reference to various pronunciations 
of English (Canadian, Australian, etc.), in so far as they are liable to 
affect the marking of the test. In addition to this kind of instruction 
and practice it wifi, be well for the operators to have some very elementary 
knowledge of the hearing mechanism, of sound and its reproduction, 
and of the simplest of statistical techniques. Further, they will need to 
be familiar with the equipment used and to be capable of making any 
necessary minor adjustments. For example, they would be expected to 
carry out the process of calibration referred to in section 4.2c, p. 157. 

The testing equipment has been designed to be as free from faults as 
possible and maintenance of the apparatus should not present any very 
serious problem. A technician wiU probably be needed to travel from one 
medical board to another to see that the apparatus is working as it should 
and to be on call to deal with any serious breakdowns. Less serious 
faults, such as defective leads or external connections, could be dealt 
with by any electrical mechanic who is available at the medical board. 

d. Administration 

The application of the new test wiU involve a certain amount of 
additional administrative work. There will be, for example, the provision 
and training of operators for the test. It is estimated at present that two 
operators per medical board will be required and these would share the 
duties of operating the audiometer and of marking the responses. For 
some considerable period it will be necessary to have the results of all 
tests collected at some centre where they can be analysed so that a check 
can be kept on the working of the test and particularly on the rejection 
rate. It will be necessary also to collect information concerning the 
incidence of hearing disability among the personnel selected by means 
of the new test in order to see whether the test does in fact admit only 
candidates who are capable and who remain capable of performing 
aircrew duties. 

The inspection of the results from various medical boards will help to 
act as a check on the performance of the apparatus as consistently high 
or consistently low results from one board may be an indication that the 
calibration of the equipment is not being properly carried out or that some 
part of the apparatus is showing unexpected variation. 

The pass mark for the efficiency test which is set when the test first 
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goes into operation will naturally be provisional and may be changed 
after some month's expenence %vith the test Such a change would be 
communicated to the operators at the various boards A central organiz- 
ation would also be responsible for the supply of discs, replay needles 
and spares for the audiometers m use and for any technical assistance 
that was required 

Appendix 1 

The following table gives the phonetic symbols used in this report for the 
transcription of pronunciation The pronunciation of the key words should be 
understood to be that of a Southern English speaker \^^enever phonetic 
symbols occur in the text they are underlined 


Phonetic Phonetic 


Symbol 

Keyword 

Symbol 

Keyword 

P 

pie 

1 

beat 

b 

buy 

1 

bit 

t 

tie 

e 

bet 

d 

die 

a 

bat 

k 

car 

a 

bar 

B 

m 

0 

cot 

tj 

church 

0 

bought 

d 3 

judge 

u 

cook 

f 

foe 

u 

boot 

V 

vie 

A 

but 

6 

thigh 

0 

bird 

a 

thy 

9 

china 

s 

sight 

ei 

bait 

z 

zebra 

ou 

boat 

f 

shy 

ai 

bite 

3 

measure 

au 

bout 

h 

high 

01 

boy 

m 

my 

19 

beer 

n 

nigh 

69 

bear 

0 

smg 

U9 

cure 

1 

lie 



r 

rye 



] 

yawn 



w 

why 




Appendix IX 




Specimen Articulation Tests 



1 The woman sat in the park 

2 The boy did his homework 

3 The players deal the cards 

4 The girl gets a prize 




5 Sailors part from their wves 


6 Carpenters use a chisel 

7 The servant dropped the plate. 
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8 The artist draws a sketch. 

9 The crowd looked at the queen. 

10 The stranger asked the shortest way. 

11 The furniture was moved in a van. 

12 The fat child cut her thumb. 

13 Schoolchildren leam lessons. 

14 The baker had some more bread. 

15 The labourer loads the lorry. 

16 Darkness frightens little children, 

17 The housekeeper bought the food. 

18 Hens have chicks in the spring. 

19 The shepherd found the lamb. 

20 The younger son joined the air force. 

21 The crowd jeered at the speaker. 

22 The maid took care of the clothes. 

23 The bright sun thawed the snow. 

24 The shopkeeper shows his goods. 

25 The infant screamed with rage. 


Word Test 


Scratch 

Beard 

Job 

Mouse 

Gate 

Chief 

Time 

Thief 

Shawl 

Desk 

Noon 

Fox 

Ring 

Rush 

Road 

Yard 

Fright 

Voice 

Pet 

Ford 

Tart 

Wool 

Herd 

Cares 

Consonant Test 

Cat 

Pie 

My 

mich 

Thy 

Wick 

VTiizz 

Wing 

Die 

Tie 

Nigh 

Wig 

Viffiim 

AVill 

Win 

Fie 

By 

Lie 

Thigh 

Wry 

Vie 

Whip 

miff 

Wish 

High 

my 

Sigh 

Wit 

With 

Guy 

Vowel Test 

Shy 

Bit 

Bait 

But 

Beat 

Bought 

Bat 

Boat 

Bite 

Bet 

Bout 

Boot 

Boat 

Bet 

Bite 

But 

Bait 

Boot 

Bat 

Beat 

Bought 
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Efficiency Test 


I 

Tall 

Part I 

21 

Cab 

I 

Sail 

Part 11 

21 

Coat 

2 

Tom 

22 

Tub 

2 

Mme 

22 

Tongue 

3 

Root 

23 

Out 

3 

Take 

23 

Sm 

4 

Kite 

24 

Nick 

4 

Cot 

24 

Legs 

5 

Sill 

25 

Lid 

5 

Dumb 

25 

Nail 

6 

Ram 

26 

Down 

6 

Big 

26 

Tan 

7 

Mouse 

27 

Know 

7 

Dawn 

27 

Doubt 

8 

Red 

28 

Tame 

8 

Web 

28 

Suit 

9 

VJm 

29 

Dme 

9 

Tea 

29 

Loss 

10 

Noon 

30 

Night 

10 

Com 

30 

Card 

II 

Tide 

31 

Warm 

II 

Ice 

31 

Net 

12 

Duck 

32 

TeU 

12 

Noon 

32 

Dead 

13 

Bib 

33 

Lame 

13 

Bus 

33 

Mate 

14 

Cease 

34 

Debt 

14 

Tile 

34 

Limb 

15 

Moss 

35 

TiU 

15 

Nick 

35 

Null 

16 

Dm 

36 

Less 

16 

IVIud 

36 

Knit 

17 

Cud 

37 

Nail 

17 

Nag 

37 

Tm 

18 

Nut 

38 

Ten 

18 

Bam 

38 

Debt 

19 

Sit 

39 

Rang 

19 

Miss 

39 

Nice 

20 

Weed 

40 

Tart 

20 

Wreck 

40 

Did 


11 . Revised version of the Pure Tone Test 

In section g a descnption is given of the diagnostic test which was 
designed to enable a rough estimate to be made of an aviation candi- 
date's acuity of heanng It is said there that such a test serves as an aid 
to the diagnosis of aural disease and also makes it possible to assess 
detenoration in a man's heanng dunng his service career In vieu of 
the shortage of trained flying personnel at the time when this hearing 
test was developed it was proposed to accept for training all candidates 
who could pass the efficiency test and subsequently to grade them on the 
basis of their heanng loss as shown by results of the pure tone test For 
those duties which require a high degree of auditory acuity, e g wireless 
operator, candidates would require to have a normal threshold of 
heanng throughout the frequency range AU other candidates who were 
able to pass the efficiency test but who did not have a normal threshold 
would be assigned to flying duties where the reception of speech signals 
only is required 

In the later stages of the war the decision was made to accept for 
training for all flying duties only those candidates who have an effectively 
normal threshold of heanng in quiet and can hear speech satisfactonly 
in noisy surroundings 20 db has been fixed as the greatest threshold 
heanng loss which a man can have at any frequency and still be counted 
normal A new version of the pure tone test has therefore been 
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constructed which will pick out those candidates who have normal hearing 
in quiet and it is hoped will prove more reliable in use than the version 
described in section 9. 

The efficiency test and this new version of the pure tone test have 
recently been accepted as the standard test of hearing for all candidates 
for fljdng duties with the Ro5^al Air Force and the two tests are now given 
to the candidates who pass through the only Aviation Candidates Medical 
Board which is at present functioning. 

a. Construction of the Test 

This new version of the test has been designed so that it can be given 
through the R.A.F. Gramophone Audiometer. One of the difficulties 
encountered in using the old pure tone test described in section 9 was the 
partial masking of the 20 db. signal by the background noise of the disc. 
This background noise increases \vith the number of playings of the disc 
and it becomes progressively more di fficult to hear the 20 db. set of pips. 

In order to overcome this masking the new disc was recorded at a 
high intensity level and a gain control was inserted in the amplifier of the 
audiometer so that the intensity of the output signal could be cut down 
to the required level. By this means a much better signal to noise ratio 
can be achieved as the background noise is attenuated with the signal. 

As it has been decided to reject all candidates who have a hearing loss 
greater than 20 db. above threshold at any frequency it is necessary to 
have a 20 db. level of test signal only and to reject those candidates who 
do not respond satisfactorily at this level. With this arrangement it is 
possible to record a much larger number of the 20 db. level test signals 
and it is to be expected that the agreement of the results with those of 
pure tone audiometry would show an improvement. 

It was decided to retain the form of the original pure tone test to a 
considerable extent and to record pure tones of the five frequencies 
4000, 2000, 1000, 500 and 250 c.p.s. in groups of " pips ” at a level 
which would give results corresponding to those obtained using the 
Western Electric 6b audiometer at a setting of 20 db. above threshold. 

The following scheme for the construction of the test discs was 
adopted. Three sets of pips were recorded at each frequency. These 
sets were subdivided into three groups, each of which contained either 
three or four individual pips. A typical arrangement of the groups of 
pips is shown in Table V. 

Each set of three groups of pips is aimounced by a number and opening 
and closing aimouncements are made on the disc so that the candidate 
knows when the test begins and ends. The intensity level of the speech 
is well above that of the pme tones so that it can be heard by all except 
the very deaf candidates. 

Two discs were recorded with a different sequence of pips on each so 
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that both ears of the candidate could be tested wthout this response on 
the second test being helped by memory 

b Recording of the Test 

The discs were recorded using the channel shmvn in Fig 30 with one 
small modification An automatic switch was inserted in the hne m 
place of the Morse key so that the signal could be interrupted at a constant 
rate This automatic sivitch consisted of an ordinary recording blank 
from the surface of which segments of the paint had been removed 
The disc w as rotated by a slow speed electnc motor and a mping contact 
on the surface of the disc short circuited the output of the oscillator 
when it passed over the bare metal segments When the wipmg arm 
passed over the painted segments the signal was allowed to pass through 
the attenuating network to the cutter head An additional manually 
operated switch was connected in parallel with the automatic switch so 
that the steadily interrupted signal could be broken up into groups of 
any desired number of pips 

The openmg and closing announcements and the number preceding 
each set of three groups were recorded through the microphone and 
speech channel shown in Fig 30 When the speech was being recorded 
the key (S) was opened so that the attenuator was taken out of circuit 
This key was closed agam before recording the pure tone signals 

The speech was recorded at as high an intensity level as possible 
without mtroducmg too much distortion in the recordmg It was then 
possible to record the pure tone signals at -a reasonably high level of 
intensity and yet to have the speech considerably louder than the pips 
when their intensity is reduced to the 20 db level 

When selectmg the attenuator settings for recording the pure tones 
continuous bands of each frequency were recorded and played back 
through the Gramophone Audiometer modified according to the method 
descnbed in the next section so that the intensity of the signal coming 
from the earpiece was reduced to a level of approximately 20 db above 
threshold The bands of pure tones were then listened to with one ear 
and the loudness of each pure tone compared with that of the corres- 
ponding frequency from the Western Electnc Audiometer set at 
20 db above threshold WTien it was found that the two signals were 
not equally loud the mtensity control of the Western Electnc Audiometer 
was adjusted to give a balance and the amount by which it had to be 
changed was apphed as a correction to the attenuator setting in the 
recording channel This procedure was repeated usmg a number of 
trained observers until a satisfactory result was obtained 

MTien agreement was reached on the attenuator settmgs the test was 
recorded on the standard MSS supercut recording blanks and these 
discs were sent to the Decca Recording Company for processing 
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c. Modification of the Gramophone Audiometer 

In order to play these pure tone discs through the Gramophone 
Audiometer it is necessary to modify the amplifier so that the intensity 
of the signal is reduced to the required level. 

At first it was thought that the initial set of pips at each frequency 
should be given at a level of 30 db. above threshold in order to accustom 
the candidate to the listening conditions, and that the intensity should 
then be reduced to 20 db. above threshold for the two remaining sets. 
This was done by introducing a three position potentiometer, controlled 
by a switch on the top plate of the audiometer, into the grid circuit of the 
output valve. In the first position, used %vith the efficiency test, the level 
of the output signal was not affected. In the other two positions values 
of the grid resistance were selected which reduced the intensity of the 
pure tone pips to levels corresponding to 30 db. and 20 db. above 
threshold. 

It was found later that the provision of this 30 db. level did not improve 
the agreement between the test and individual pure tone audiometry 
and as it imposes a considerable stra i n on the test operators to have to 
remember to change the switch setting at the correct moments during 
the test it was decided to have a tw'o position switch only, one position 
for the efficiency test and one for the 20 db. level pure tone test. In 
order to reduce the number of extra controls on the audiometer the circuit 
was modified slightly and the resistances were mounted on the 3-position 
key used in calibrating the machine. 'V\dien this key is depressed it is 
in the calibration position, when it is horizontal the efficiency test can 
be given at the normal level, and when it is raised the pure tone test can 
be given at a level of 20 db. above threshold. 

d. Comparison of results of the test with Pure Tone Audiometry 

In order to validate this test it is necessary to compare its results with 

those of individual pure tone audiometry. This is done by giving both 
tests to a fairly large number of unselected subjects. The comparison 
is then made by setting a pass mark of 20 db. on the audiogram and 
stating that a candidate who has a hearing loss greater than 20 db. in 
either ear at one or more of the frequencies 4000, 2000, 1000, 500 and 
250 c.p.s. fails on pure tone audiometry. It is possible to vary the method 
of marking the pure tone test and it was decided to adopt whichever 
method gave the best agreement with the pure tone audiometrjL 

A large number of subjects were tested at an Aviation Candidates 
Medical Board and in the Department of Otorhinolaryngology at the 
Central Medical Establishment. Most of the cases tested at the Aviation 
Candidates Medical Board had normal hearing and so passed both tests, 
but more than half the cases at Central Medical Establishment failed at 
one or more frequencies. Several different methods of marking the pure 
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tone test results were investigated and it was found that the following 
method gave best agreement %vith audiometry The first set of three 
groups at each frequency is given for practice only and is not marked 
The candidate must then get two groups correct out of each of the 
remaining two sets at each frequency m order to pass If he fails at any 
frequency he is considered to have failed the complete test In all 545 
results were marked in this way and it was found that 5 7 per cent of the 
subjects were placed m different categories by the two tests This 
agreement is quite good, in fact it is somewhat better than the agreement 
obtained between test and retest on the same subjects using pure tone 
audiometry alone 

12 Description of the Complete Hearing Test 
A bnef descnption will now be given of the complete heanng test as 
it should be earned out at the Aviation Candidates Medical Board 
The candidate is first given the efficiency test in both ears together 
His responses are handed in for marking and he goes on immediately to 
the pure tone test, given first to one ear and then to the other If he 
fails at one or more frequencies he is retested, using a different headset 
in order to avoid the possibility of failmg owmg to a defect m the earpiece 
There is always a chance that a candidate may fail at one frequency 
because of a sudden extraneous noise or other distraction and so the rule 
was adopted that all candidates who fail are to be retested and are 
rejected only if they fail at the second attempt 

The test operators enter the results of both the efficiency test and the 
pure tone test on the candidates Form 827 If his score for the 
efficiency test is below the required standard at present 60 per cent , 
or if he fails at one or more frequencies on the pure tone test he is not 
accepted for aircrew trammg 

The candidate is then seen by the ENT Specialist who examines 
his ears and decides whether there is any clinical reason for rejecting him 
m spite of his having passed the heanng test The Specialist makes use 
of any tests of heanng such as tuning forks or whispered words which 
may help him m the detection of aural disease 

The efficiency test and the pure tone test have now been in use for 
SIX months as the official test of heanng for the flying branch of the 
RAF and they have proved quite satisfactory The rejection rate of 
the new test is slightly higher than that of the 20 feet forced whisper test, 
but it is believed that a better selection ol candidates wib be provided 
with consequent reduction m the number who have subsequently to be 
regraded on account of heanng defects Owmg to the smallness of the 
number of candidates who are now being accepted for flying trammg 
it will, of course, be several years before a full assessment can be made 
of the effect of these new heanng standards 
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SOME EXPERIMENTS WHICH INDICATE THAT 
THE FROG’S LAGENA HAS AN EQUILIBRIAL 

FUNCTION 

By I. P. J. MACNAUGHTAN (Edinburgh)* and W. ]. MCNALLY (Montreal) 
From the Department of Physiology, McGill University, Montreal, Canada 

The following experiments resulted from an inspiration received after 
reading the report of the electrical studies on the frog’s labyrinth by 
D. A. Ross (1936). He recorded and studied action potentials set up in 
the frog’s Vlllth nerve in response to vestibular and vibrational stimuli. 
He concluded : " Gravity receptors fall into two classes : type (7) 
responding best when the head is tilted out of the level position, and 
type [ii) signaUing only the return of the previously tilted head to level. 
Type (ii) receptors have not been encountered often, but so far they 
have always been found on the posterior ramus. It is tentatively 
suggested that of the three organs of unknown function found on the 
course of distribution of the posterior ramus (i.e. the lagena, the pars 
basilaris, and the pars neglecta) one is a vibration receptor, one a gravity 
organ type (i), and the remaining one a gravity organ type (m). No 
experimental evidence is yet available on the subject of which is which ”. 

The labyrinthine (Vlllth) nerve divides into an anterior and posterior 
ramus. In all vertebrates the anterior ramus supplies the anterior 
vertical and horizontal semicircular canals, the utricle and most of the 
saccule. The posterior branch supplies the posterior vertical ampulla, 
the macula lagena, the pars basilaris or the cochlea and when present 
the pars amphibiorum (also called pars or papilla neglecta). 

Earty ^vrite^s such as Hasse (1873), Kuhn (1880-1882), Retzius 
(1881-1884), Villy (i8go) and Ayers (1892) were all concerned with the 
close association embryologicaUy and anatomically of all the endorgans 
on the posterior branch of the Vlllth nerve (with the exception of the 
posterior vertical ampulla). They assumed a similar physiology for all 
three endorgans and as a result of their \vritings the lagena, the pars 
basilaris and the pars amphibiorum were regarded as forerunners of the 
cochlea and were considered to be part of the hearing mechanism. 

Harrison (1903) stated that " the lagena is an endorgan which first 
appears in the internal ear in fishes and persists in amphibians, reptiles, 
birds and mammals though in the latter group it is without a sensory 
area 

* Working with a special grant from the trustees of the Geoffrey E. Duveen fund. 
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Alexander (1901) and Harrison (1903) engaged in a controversy as 
to the development of the lagena and its relationship to the pars 
amphibiorum and the other cochlear sense organs in the transition stage 
from amphibia to reptiles Alexander cast some doubt as to whether the 
lagena is the same structure throughout the senes from fishes to mammals 
Harrison believed that the lagena and pars basilaris by partial fusion 
give rise to the single cochlear sac of the reptiles 

Breuer (1891) was the first to suggest that the lagena might be con- 
nected mth the equilibnal mechanism of the ear Based upon his 
observations of the topography of the labyrinth he argued that in the 
pike the lagena is m the best position to he stimulated by any up or down 
movement in the vertical direction, that is, movements m the frontal 
plane The utncle is best suited to respond to movements in the hori- 
zontal plane and the saccule to movements m the sagittal plane He 
concluded that the semicircular canals appreciate turning movements 
or angular acceleration and that the otoliths detect change of position 
and progressive movements He further pointed out that the lagena is 
generally lacking in mammals who for the most part live on the ground 
and are not so much m need of a mechanism to detect vertical movements 
They, therefore, have no lagena 

Breuer attempted direct experiments upon the lagena m pigeons He 
was able to remove the lagena and part of the cochlea ivithout disturbing 
the remamder of the labyrinth A bird subjected to this operation did 
not show any specific abnormality in flying around the room He attemp- 
ted galvamc and direct mechanical stimulation of the lagena of the 
pigeon He was not satisfied with these expenments upon the lagena 
He was unable to advance any direct experimental proof for his idea 
that the lagena is concerned with detecting vertical movements in the 
frontal plane It should be pointed out that arguments based upon 
the topography of an endorgan are sometimes misleading This proved 
to be the case with the conclusions which Magnus drew about the equi- 
hbnal function of the saccule based upon the topography of the endorgan 
When it became possible to carry out direct ablation experiments upon 
the saccule it was found not to have any eqmhbnal function It is 
noteworthy, however, that Breuer was the first to suggest an equilibnal 
rather than a cochlear or heanng function for the lagena 

Matte (1894) descnbed an operation in which he removed the cochlea 
on both sides in a pigeon He did not mention what happened to the 
lagena but presumably it was damaged during the operation He reported 
that when the pigeon had recovered from the operation its movements 
could not be distinguished from those of a normal bird 

Lee (1894) attempted direct stimulation of the lagena m the dogfish 
and he reported that the lagena is less responsive to stimulation than is 
the saccule or the utricle He did not exclude the possibility of 
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simultaneous irritation or damage of the other labyrinthine endorgans 
during his experiments. 

Manning (1924) experimented with the common goldfish (Carassius 
auratus). In this fish the otoliths of the utricle, saccule and lagena are 
definite stones. He studied the conditioned reflex reactions of this fish 
to a range of sounds from 43 to 2,752 cycles. He was able to detect very 
definite and characteristic fin and other movements which indicated that 
the normal fish could hear this range of tones. \Vhen he removed the 
utricle and semi-circular canals the fish no longer reacted to the middle 
range of these tones. He devised an operation for breaking up the 
otoliths of the lagena and the saccule but the otolith of one could not be 
destroyed vdthout some injury to the otolith of the other. After destroy- 
ing the otoliths the fish no longer responded to notes above 1,300 cycles. 
There was no loss of equilibrium after destruction of the otoliths of the 
lagena and saccule. Manning concluded that for notes above 688 cycles 
the lagena and saccule are the receptors and of these two parts he believed 
the lagena to be much the more important. As further proof of his idea, 
he stated that in certain deep sea fish such as the cod the lagena is 
rudimentary or absent whereas the saccule is enormous. He suggested 
that sounds, particularly high pitched soimds, probably do not play much 
part in the lives of these fish in the depths. 

Thomval (1926) operated upon the pigeon’s labyrinth and he used caloric 
stimulation as a test. He concluded that removal of the cochlea and lagena 
from one or both ears did not cause any change in the vestibular reactions. 

Benjamins and Huizinga (1928) removed the lagena on one and on 
both sides in the pigeon and they were unable to detect any abnormality 
in the vestibular reactions. The birds flew and landed normally ; the 
turning reactions were normal ; there was no change in the tone of the 
neck or vnng muscles ; compensatory eye reactions were normal. The}' 
concluded that the lagena is not concerned with any of the known 
vestibular reflexes. 

de Burlet (1929) mentioned the lagena in connection \vith a discussion 
of hearing of the catfish (Siluridae) as though he considered it part of the 
hearing mechanism but he did not discuss the function of the lagena 
in particular. 

M^emer (1929) reported the results of operation upon a bony fish, the 
gudgeon (Gobius niger). The lagena was destro5'ed and rendered 
functionless at the same time that he removed the saccule but in spite of 
injury to both these otoliths there was no disturbance of the fish’s 
vestibular reactions. After one experiment the lagena was the onl}' 
part of the lab3T*mth remaining intact and yet the fish behaved as though 
a complete labyrinthectomy had been done. After he removed the lagena 
and saccule from only one side he was unable to detect any asymmetry 
in the fish’s movements. 
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Ross (see Tait 1932, p 701) studied the electncal reactions from the 
saccular and lagenar nerves in the sucker (Catastomus) and he found that 
the oscillations which occurred when the head preparation was subjected 
to sound vibrations completely disappeared after he destroyed the lagena 

Von Fnsch and Stetter (1932) remored the saccule and lagena from a 
group of fifty-five common minnows (Elntze) which had been previously 
blinded and some of the fish lived for more than a year after operation 
None of the fish showed any signs of disturbance of equilibnum Von 
Fnsch (1936) reviewed the subject of heanng in fish and he stated that 
the lagena has no vestibular function but that it is concerned ivith heanng 

Lbwenstem (1932) found that in the common minnow (Elntze) 
none of the known equilibrium reactions are m any way affected by a 
bilateral extirpation of the pars infenor of the labynnth which mcludes 
the saccule and the lagena 

Beatty {1932) in the course of a discussion of hearing in reptiles 
stated that the lagena is reserved for heanng and may be considered as an 
uncoiled cochlea He further stated that in insects there is nothing similar 
to the cochlea of mammals or the lagena of reptiles 

Forkas (1936) considered the lagena as part of the hearing organ m 
the guppie fish {Lebistes reticulatus Peters) He also stated, however 
that the external semicircular canal is concerned with sound perception 
m the fish 

Tail and McNally found during their early investigations of the 
equilibnal reactions of the frog’s labynnth (McNally 1931) that sevenng 
the nerve to the lagena on one or both sides did not cause any change in 
the frog s vestibular reactions except that the operated frogs did have a 
slight wobble on commg to rest which was not present in normal blinded 
frogs It was erroneously concluded that the wobble or oscillation was 
due to post operative weakness Since elimination of one or both lagenae 
did not cause any gross change in the known vestibular reactions, it was 
concluded that the lagena is not concerned with the equilibnal reactions 
of the labyrinth 

Technique of Operation 

To reach the lagena the postenor approach to the frogs labynnth 
desenbed by McNally and Tait {1933) was used The nerve to the lagena 
IS most easily severed by exposing the postenor ramus of the VIHth 
nerve just as it leaves the brain cavity The lagena nerve can be com- 
pletely severed by inserting a small hook around the nerve With 
practice a quick jerk severs the lagena nerve without damage to any other 
labyrinthine endorgan All operations were earned out under ether 
aniESthesia The frogs (Rana sylvatica and Rana palustns) were first 
blinded by bilateral section of the optic nerves After recovery each 
frog was examined to be sure that it reacted normally to the usual 
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simultaneous irritation or damage of the other labyrinthine endorgans 
during his experiments. 

Manning (1924) experimented \vith the common goldfish (Carassius 
auratus). In this fish the otoliths of the utricle, saccule and lagena are 
definite stones. He studied the conditioned reflex reactions of this fish 
to a range of sounds from 43 to 2,752 cycles. He was able to detect very 
definite and characteristic fin and other movements which indicated that 
the normal fish could hear this range of tones. When he removed the 
utricle and semi-circular canals the fish no longer reacted to the middle 
range of these tones. He devised an operation for breaking up the 
otoliths of the lagena and the saccule but the otolith of one could not be 
destroyed \vithout some injury to the otolith of the other. After destroy- 
ing the otoliths the fish no longer responded to notes above 1,300 cycles. 
There was no loss of equilibrium after destruction of the otoliths of the 
lagena and saccule. Manning concluded that for notes above 688 cycles 
the lagena and saccule are the receptors and of these two parts he believed 
the lagena to be much the more important. As further proof of his idea, 
he stated that in certain deep sea fish such as the cod the lagena is 
rudimentary or absent whereas the saccule is enormous. He suggested 
that sounds, particularly high pitched sounds, probably do not play much 
part in the lives of these fish in the depths. 

Thomval (1926) operated upon the pigeon’s labyrinth and he used caloric 
stimulation as a test. He concluded that removal of the cochlea and lagena 
from one or both ears did not cause any change in the vestibular reactions. 

Benjamins and Huizinga (1928) removed the lagena on one and on 
both sides in the pigeon and they were unable to detect any abnormality 
in the vestibular reactions. The birds flew and landed normally ; the 
turning reactions were normal ; there was no change in the tone of the 
neck or wing muscles ; compensatory eye reactions were normal. They 
concluded that the lagena is not concerned with any of the known 
vestibular reflexes. 

de Burlet (1929) mentioned the lagena in connection with a discussion 
of hearing of the catfish (Siluridae) as though he considered it part of the 
hearing mechanism but he did not discuss the function of the lagena 
in particular. 

Werner (1929) reported the results of operation upon a bony fish, the 
gudgeon (Gobius niger). The lagena was destroyed and rendered 
fimctionless at the same time that he removed the saccule but in spite of 
injury to both these otoliths there was no disturbance of the fishs 
vestibular reactions. After one experiment the lagena was the only 
part of the labyrinth remaining intact and yet the fish behaved as though 
a complete labyrinthectomy had been done. After he removed the lagena 
and saccule from only one side he was unable to detect any asymmetry 
in the fish’s movements. 
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rotation was high enough to stimulate the remaining posterior vertical 
semicircular canals 

To any forward tilt the biconjomt frog was unresponsive A quick 
backward tilt on the table or a chm lift test elicited a response — the 
spectacular "irrelate reaction ” descnbed by McNally (1931, p 13), by 
McNally and Tait (rggg, p 175) and by Tait and McNaliy (1934, p 258) 
They noted that this reaction followed a backward tip in the " biconjomt " 
frog or a forward tip m the “ bisohutncular ” frog They concluded that 
the irrelate reaction is the result of a spinal neural relationship between 
the utricules and the ampullae of the posterior semicircular canals 
According to the degree of angular acceleration employed any grade of the 
so called irrelate reaction could be evoked in the biconjomt frog from a 
forward body thrust ivith ventriflexion to the final stage in which the frog 
with scrambling arms and wildly beating hind limbs kept its body 
oscillating in tempo with the alternate movement of its limbs 

Two Intact Posterior Vertical Semicircular Canals , Partes Basilares 
and Partes Amphibiorum 

If the nerves to both lagenae were severed m the biconjomt frog, 
the resulting " biconjomt de lagenate ” frog did not show any marked 
difference in its reactions from the biconjomt frog 

Two Remaining Lagenae, Partes Basilares and Partes Amphibiorum 

If the nerves to the ampullae of the postenor vertical semicircular 
canals were severed m the biconjomt frog the resulting " biconjomt 
decanaliculate ” frog had the lagena, the pars basilans and the pars 
amphibiorum intact on both sides The frog was able to right itself from 
the supine position readily The posture of fixed axial ventnflexion m 
the biconjomt frog was released and the head was held low but clear of the 
ground At times the arms extended laterally and the knees pointed 
outwards At other times all limbs would be tucked in normally A 
surpnsmg finding and one which was repeatedly checked was that the 
irrelate reaction was present m response to the chm drop test and the 
tetanic reaction in response to the chm lift test Tait and McNally had 
concluded that the irrelate reaction could be elicited from stimulation of 
the utncles and from stimulation of the postenor semicircular canals 
The above expenments showed that stimulation of the lagena could also 
give nse to the irrelate reaction 

The " tetanic reaction ’’ was descnbed by McNally (1931, p n) and 
by McNally and Tait (1933, p 175) The reaction was first noted m a 
frog m which the nerves to both postenor vertical ampullae had been 
severed When such a frog is tipped backwards or subjected to the chm 
lift test under ordinary circumstances the head is raised and the arms are 
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extended fonvard and the body slews back sbghtly between the thighs. 
Sometimes, however, just at the top of the movement the frog develops 
what might be termed tetany. The arms become more rigidly extended, 
the body is curved backward, the legs are extended outwards and laterally 
and the whole body trembles with spasm as if by avalanche action the 
frog is made actively to rear upwards when it is suddenly chucked under 
the chin. Sometimes the animal will actually go off the tilt table as 
though doing a backwardly directed swan dive. At other times the 
spasm passes after a few seconds and the animal recovers and stays on the 
table. This reaction was first noticed usually after sectioning the nerve 
to both posterior vertical canals but occasional^ after sectioning the 
nerve to one canal. The occurrence of the tetanic reaction in the 
“ biconjoint decanaliculate ” frog shows that stimulation of the lagena -1 
could also give rise to the tetanic reaction. 

-I 

One Intact Lagena, Pars Basilaris and Pars Amphibiorum 
If in the biconjoint de-canaliculate frog one labyrinth was completely “ 
destroyed, the frog after recovery still showed a prompt righting reflex. * 
It usually turned from the supine to the prone position with the operated 
side under. The irrelate and tetanic reactions were not elicited in these ' 
frogs which had only one lagena intact. 

The Pars Basilaris and the Pars Amphibiorum Intact in one or 

both Labyrinths 

It did not prove possible to carrj'^ out imcomplicated severance of 
the nerves to the pars basilaris or to the pars amphibiorum. In order to ' 
get some idea of their relation to the equUibrial reactions of the frog the 
nerves to the two lagenae were severed in the biconjoint de-canaliculate 
frog leaving only the nerves to the partes basilares and partes amphibiorum 
intact. One could not distinguish these frogs from the de-labyrinthized 
frog. In other experiments the pars basilaris and the pars amphibiorum 
were kept intact in only one labyrinth. Again these frogs could not be 
distinguished from the de-labyrinthized frog. They showed the righting 
reaction only occasionally and they did not show any tetanic or irrelate 
reactions. There was no reaction to quick or slow tilt back into level 
position (Ross’ gravity receptor tjqie (ii)). 

Interaction between the Lagena and the Utricle 
McNally and Tail {1933) and Tail and McNaUy (1934) reported that a 
pendular oscillation occurred in frogs which had had an ablation of any 
two diagonal vertical semicircular canals or an ablation of the four 
vertical semicircular canals. The pendular oscillation was also reported 
in frogs with only the two utricles intact. The pendulation was partic- 
ularl}’- noticeable at the beginning and end of any movement. The 
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amount of pendulation vaned somewhat from frog to frog but the signifi- 
cance of any variation in pendulation was not recognized until the 
present series of expenments had shown that the lagena has some 
equilibnal function It occurred to one of us (I P J McN ) that there is 
a sigmficant difference between the pendulation of a frog with only two 
utncles remaining intact and the pendulation of a frog from which all six 
semicircular canals have been removed It was decided to compare a 
series of frogs subjected to each method of operation 


*' Bisoliutncular *' Frog 

The postenor vertical semicircular canal can be ablated by sectioning 
the whole posterior ramus of the Vlllth nerve The nerve to the saccule 
can be severed at the same time as are the nerves to the ampullae of the 
honzontal and vertical semicircular canals Such a frog has only its two 
utncular maculae remaining intact — it is what the name signifies, a 
“ bisoliutncular " frog 

On attempting any movement this frog invariably showed a marked 
pendular oscillation of the head and body This pendulation was first 
descnbed by McNally andTait {1933) in the case of the frog in which all four 
vertical semicircular canals had been removed and by Tait and McNally 
(1934) m the case of the frog with only the two utncles remammg intact 
It was concluded that the utncles are responsible for this pendulation 

The reaction m the " bisoliutncular ” frog under discussion was so 
severe as frequently to upset the frog dunng its attempt to compensate for 
a slow tilt on the tilt table The number of pendulations on coming to 
rest after bemg disturbed averaged six to eight times The nghtmg 
reaction was prompt To a quick tilt, the bisoliutncular frog showed a 
prompt anti compensatory slew of the body m the direction of a tilt — a 
reaction which Tait and McNally (1934) termed the second mode of 
utncular response 


" Decanaliculate " Frog 

When the terminal branch of the postenor ramus of the Vlllth nerve 
was severed just before it reached the ampulla of the postenor vertical 
semicircular canal, this canal was functionally ablated When the nerve 
to the saccule was left intact when severing the nerves to the ampullae 
of the honzontal and vertical semicircular canals such a frog had mtact m 
addition to the utncles the saccules, the lagenae, the partes basilares 
and the partes amphibiorum MTien the operation was bilateral the frog 
was " decanaliculate ” 

On attempting spontaneous movements the decanaliculate frog 
showed pendulation but it was less marked than the pendulation of the 
bisoliutncular frog The number of pendulations on coming to rest after 
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being disturbed averaged two to four times. The head swayed in the arc 
of a circle and sometimes if the head was brought up suddenly a spon- 
taneous “ irrelate ” reaction was precipitated. Its righting reactions 
were more obvious because the pendulations were less. In response to a 
quick tilt this frog also gave the anti-compensatory reaction, the result 
of the second mode of utricular stimulation mentioned in discussing the 
reactions of the " bisohutricular ” frog. 

In order to prove that it was the lagena which lessened the pendular 
oscillation in the " decanaliculate ” frog the nerves to the lagenae were 
severed in this frog. After recovery from operation such a frog showed a 
definite increase in pendulation. It could not be distinguished from any 
" bisohutricular ” frog. 

The following table is reproduced to emphasize the difference which 
the presence or absence of the lagena made in a frog from which all six 
semicircular canals had been removed. 

Pendulations at the 
beginning and end of 
movements 
Righting reaction 
Irrelate reaction 
Reaction to slow tilt 


“ Bisohutricular ” frog 

Averaging 6 to 8 times 
Present 
Present 
Accurate 
(Pendulation 
troublesome) 


" Decanaliculate” frog 

Averaging 2 to 4 times 
Present 
Present 
Accurate 
(Occasional 
pendulation) 


Ablation of Four Vertical Semicircular Canals 
Severing the nerves to the four vertical semicircular canals leaves the 
frog with the following endorgans still intact on each side, the horizontal 
semicircular canal, the utricle, the saccule, the lagena, the pars basilaris 
and the pars amphibiorum. The detailed reactions of this frog have been 
described by McNahy and Tait (1933). The frog pendulates when 
disturbed, the number of pendulations averaging about two to four on 
coming to rest. Severing the nerves to both lagenae in such a frog 
definitely increases the number of pendulations to an average of six to 
eight after each movement. 


Ablation of any diagonal pair of Vertical Canals 
The reactions of this frog have also been described in detail by McNally 
and Tait (1933). During or after spontaneous movements such a frog 
pendulates in the plane of the absent vertical canals. Removing the 
lagenae in such a frog definitely increases the number of pendulations. 

It should be noted that some frogs tend to pendulate more than others 
vdth apparently the same labyrinthine lesions. Naturally the better the 
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general condition of the frog the better are ail the reactions. Removiiig 

the lagenae in the great majority of cases does increase the tendency to 

pendulation but not in every case. 

Besume 

1. The lagena is an endorgan which is present in the lab3Tinths of 
fishes, amphibians, reptiles and birds. 

2. The majority of writers were of the opinion that the lagena is part of 
the hearing mechanism. 

3. Breuer (1891) was the first to suggest that the lagena is connected 
wth the equilibria! part of the labyrinth. » 

4. Ross (1936) suggested the presence in the frog of at least one and 
probably two gravity receptors on the posterior ramus of the frog's 
Vlllth nerve in addition to the posterior vertical semicircular canetl. 
Our experiments show that the lagena is one of these gravity 
receptors. 

5. Removal of one lagena causes a residual pose consisting of a slight 
upward tilt on the homolateral side. Removal of both lagenae 
causes very little disturbance in the frog's vestibular reactions. 
There is a slight oscillation of the head on coming to rest after 
spontaneous movement. 

6. A frog with both lagenae intact in the absence of all the known 
equilibria! endorgans, still retains a prompt righting reflex. It gives 
the irrelate and tetanic reactions in response to certain head move- 

7. The lagenae together with the vertical semicircular canals control 
and check utricular pendulation. Normally during movement the 
vertical semicircular canals and also the lagenae have a controlling 
or regulating influence upon the utricles. 

8. These experiments do not throw any light upon the identity of Ross’s 
probable third gravity receptor on the posterior ramus of the frog’s 
Vlllth nerve. As far as these experiments do go they indicate that 
the pars basilaris and the pars amphibiorum have no equilibria! 
function. 
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CLINICAL RECORDS 

VESTIBULAR CYSTS 

A. S HANDOUSA BBY (Cairo) 

There is a special group of cyst, which we Rhinologists occasionally meet with 
m the region of the anterior nasal aperture , cjsts proved not to be of dental 
origin and have been given different terms in different countries In the 
English literature they were grouped under the term Cysts of the Floor of the 
Nose, while other observers have termed this same group of cysts — Mucous 
Cysts, Cjsts of the Alae Nasi, Cjsts of the Entrance of the Nose Vestibular 
Cvsts. etc 

Fig I is a typical example of sucli cysts I have had lo cases of v'arious 
sizes, study of which reveals certain points worth mentioning 

The age incidence m my group of cases is 14 50 years 6 were males 
They were all single and mainly left sided bilateral cases were reported in 
the literature and have been even considered bj some as commoner than 
unilateral ones According to Bcmfeld \J I aryng aud Oiol April 1945) 
multiloculation has never been seen or recorded Fig 2 is an X ray after 
lipiodol filling of one of my group of cases, demonstrative of biloculation 
and it is quite possible that by such methods of investigation more examples of 
multiloculation may be found 

In the majonty of cases that I liave investigated the aspirated fluid clotted 
soon after being collected m the test tube, an observation which I have not 
come across in the literature 

In diagnosis, exclusion of dental origin may be not easy before exploration 
Every now and then one comes across a case which appears typical of a 
vestibular cyst as regards site, radiological appearance without and with 
lipiodol and in its fluid content but on exploration, the bare tip of the root of 
a tooth IS found just projecting in the c)^t cavity a finding very suggestive 
of dental origin It seems to me advisable before a final diagnosis to make 
sure of this point 

A final point which I believe will be of great v alue in medical practice 
IS an agreement about a general term for this group of cysts They are fully 
recognized as a special group of their own for more than 50 years and in spite 
of this there has been no unanimity of the term alloted to them 

A terminology depending on the nature of these cysts is not practical as it 
IS \ ery difficult to be certain of this even after biopsy in the majonty of cases 

Authorities differ as to their genetic ongin, one school considers them as 
‘ Genuine retention cysts *’ denved from the glands lying in the vestibule, 
while another school tend to consider them of " Developmental Origin " 
related to the lacrimal duct or m connection with the facial clefts Only 
in few cases has the origin been ascertained I have had one case, the 5th, 
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among my series, that followed a sublabial incision and was histologically 
proved to be a salivary cyst. 

It seems to me that the most applicable term, would be a term related to their 
site as it covers the whole group. 

All the small C3'sts that I have seen were found in the anterior part of the 
nose, occupying the lateral vestibular angle more related to the lateral wall 
than the floor. Fig. 3 is a demonstrative example. 

Large cysts are seen extending more laterally than medially or backrvards, 
lifting up the corresponding ala and outer wall of the nose, suggesting the 
same site of origin. I have had a case, in w’hich the cyst has extended to the 
opposite side X-ray 4, Photo 5 ; even in this case as there were more lateral 
extension to .the canine fossa, I could not convince mj'self that the cyst has 
started in the Nasal Floor. 

Further I have never seen or come across a case reported to originate in 
the floor of the nose behind the vestibule, and the large amount of literature 
on the subject examined bj’’ Bemfeld (J. Laryng. and Otol., April, 1945) 
confirms the site of origin described above. 

These considerations favour the general term of Vestibular Cysts or Cysts 
of the Entrance of the Nose ; the former is much easier to use, and is suggested 
to be chosen to cover this group of C3'sts. 
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A CASE OF SUBDURAL ABSCESS SECONDARY TO ACUTE 
FRONTAL SINUSITIS 

By P C RUSHTON (Cambridge) 

The patient, a girl aged 12, was admitted to Addenbrooke’s Hospital on 
30 4 46 with a ten days history of pyrexia, increasing lethargy and frontal 
headache No physical signs had been found to account for this, except a 
slight swelling over the bridge of the nose on the morning of admission 

On examination she had a temperature of loi® F pulse 60, and respiration 
20 She was ill-looking, flushed and rather lethargic There was some 
oedema over the bndge of the nose and over the nght eyebrow There was 
slight tenderness to pressure over the floor of the nght frontal sinus, but none 
over the left The right middle turbinate was bright red and swollen, this 
being the only abnormality in an othenvise normal looking nose K J 's, A J 's 
and abdommal reflexes ^ normal, Babinskis sign was negative Nothing 
abnormal was detected in the cranial nerves 

X-Ray — Opacity of the nght antrum and both frontal sinuses Under 
local ansesthesia the right antrum was punctured, and thick greenish, foul- 
smelling pus washed out A short cannula was left in the antrum, and 
tampons soaked in i per cent Ephednne in Normal Saline were placed under 
each middle turbinate 20,000 units of Pemcillin were given intramuscularly, 
and continued every three hours The nght antrum was aspirated every 
three hours and PeniciUm, 2,000 units per c c , was injected through the 
indwelling cannula The next day there was no apparent change in her 
condition, and this conservative treatment was contmued 

The next day, 2 5 46 she appeared more lethargic and the swelling had 
increased spreading to the left side and to both upper eyelids Her eyes 
were examined and the followmg report submitted " Well marked bilateral 
papilloedema suggests presence of increased intracranial pressure Some 
swelling upper lids Paralysis of nght External Rectus muscle ^Slow 
cerebration " 

Operation — 2 5 46 A lumbar puncture was first done whilst under the 
anaesthetic 5 c c of clear fluid were wthdrawn under normal pressure 
(This fluid was examined in the laboratory, and no abnormalities were found 
in it ) 

The left antrum was then punctured and found to be uninfected A right 
intra nasal antrostomy was performed 

A large incision was then made o\er the nght frontal smus, and the sinus 
opened It was found to be full of thick yellow pus, the Immg mucosa being 
only slightly cedematous The sinus was seen to fill up with pus after it had 
been emptied The posterior wall appeared mtact, but after removing almost 
the entire anterior wall a pin point hole was seen in the lateral comer of the 
postenor wall through which a thm stream of pus was pounng On opening 
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the posterior wall about 20 c.c. of thick blood-stained pus poured out under 
considerable pressure. This opening was enlarged and the dura was found to 
be intact, and covered vdth fine red granulations. The abscess cavity spread 
backwards towards the temporal bone, a probe could be passed easily back- 
wards and laterally for 4 inches. The mucosa of the floor of the sinus and the 
fronto-nasal duct were not interfered with. The left frontal sinus was then 
opened b}'^ breaking down the intersinus septum and more thick yellow pus 
evacuated. A narrow rubber catheter was placed in the abscess cavity, and 
another in the left frontal sinus. The wound was then closed after a small 
piece of corrugated rubber drain had been placed in the right frontal sinus. 

Afier-treatment. — (i) Intramuscular penicillin was continued. 

(ii) Sulphadiazine gms. i was given, followed by gms. i 

3 hourly. 

(iii) After aspiration of any pus or serum from the rivo 

catheters, the equivalent amount of Penicillin, 

2,000 units per c.c. was injected every three hours. 

Organisms . — ^The pus from the frontal sinus produced a culture of Penicillin- 
sensitive Staphylococcus alhus. The pus from the subdural abscess showed 
clumps of Gram-positive cocci, but the culture was sterile. 

Progress . — ^There was an immediate and lasting improvement of her general 
condition. The next morning she was bright and cheerful, and one only 
realized then the full degree of her pre\dous lethargic Her temperature fell 
and remained normal. The paralysis of her right external rectus disappeared 
on the first day. 

On the third day she developed a painless, fluctuant swelling, 3 inches in 
diameter, in the mid-line on the upper part of her forehead. This was first 
aspirated, but the pus was too thick, so an incision was made into this secondarjf 
abscess and 10 c.c. of thick pus was evacuated. Bare bone was felt at the 
base of the abscess. A small rubber drain was inserted, and this gave no 
further trouble. No further complications ensued. 

On the seventh day the stitches and the rubber drain were removed. On 
the eighth da)”^ the sulphadiazine was discontinued, 26 gms. having been given. 

On the tenth day the catheters were removed, but intramuscular Penicillin 
was continued until the sixteenth day, when it was stopped after she had 
received 2,380,000 units. 

She was discharged as quite fit on 30.5.46. 

Although almost aU the anterior wall of her right frontal sinus was removed, 
there is onty a very small depression, but if in the course of time this becomes 
more marked, it may be necessarj'^ to repair the defect by bone chips after 
obliteration of the nasofrontal duct. 
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LETTER TO EDITOR 

To THE Editor, Tke Journal of Laryngology and Otology. 

Dear Sir, 

I shall feel obliged if you will publish a correction which I wish to make in my 
article on the " Function of the Lab5ninth 

On page 432 of the Journal, vol. LX, No. ii in the paragraph commencing 
“ The fluid of the vestibule " the words “ on the arrest " should not have 
been inserted. It should read as follows : 

“ On the cessation of a movement of the head, the entire energy is in the 
momentum which, if the fluid were free to move, would carry it with 
corresponding force against the wall of the vestibule in the direction towards 
which it had been moving.* The fenestra is at its anterior end, on its outer 
side, and on any movement or rotation of the head to the opposite side, the 
fluid would be carried against the stapes which would be forced outwards. 

Yours etc., 

H. Macnaughton-Jones. 

• A movement of the head from rest m the reverse direction would produce exactly 
the same relative movements The movement is. substantially, one of the vestibule and 
fenestra over a column of relatively stationary fluid, and the stimulus is, therefore, 
simultaneous with the movement of the head. 
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A SUGGESTED METHOD FOR MEASURING 
THE ATTENUATION OF SOUND BY 
FLYING HELMETS* 

By Air Commodore E. D. D. DICKSON,* Sq. Leader D. B. FRY, 

Flight Lt. G. E. SWINDELL. Flying Officer R. E. C. BROWN 

1. Introduction 

It is important from two points of view that air-crew personnel should 
be afforded adequate protection from the ambient noise present in 
Service aircraft. First, the efficiency of any communfcatfon system 
using auditory signals will be directly related to the masking level C)f 
the noise at the ear of the listener, and second, the temporary or peh- 
manent damage to hearing which may result from exposure to the noise 
will depend on the protection afforded. A protective device such as a 
fljdng helmet should, then, be assessed according to its efficiency in 
reducing the level of the components of the noise at the ear. The common 
methods of measuring the efficiency of a flying helmet are subjective 
ones which differ from each other only in details of experimental technique. 
The present paper suggests reasons for replacing the subjective methods 
by a more objective one and describes such a method which has been 
used in this laboratory. 

2. Subjective Attenuation Measurements 
Subjective measurements of the sound attenuation of helmets are 
usually carried out by noting the rise in the threshold for a series of pui-e 
tones when a helmet is interposed between the ear and the source of souncj. 
In the technique adopted by the Psycho-Acoustic Laboratory of Harvard 

* This research Avork has been carried out in the Acoustics Laborator>', Depart- 
ment of Otorhinolaryngology, Koyal Air Force, Central Jledical Establishment. 


221 


10 



' Dickson,* Fry, -Swindell, Bro\ra 

University*, pure tones are generated by a beat frequency oscillator and 
reproduced by a loudspeaker and the subject controls the voltage -input 
to the loudspeaker in order to arrive at his threshold for the series of 
pure tones. Differences between the threshold when wearing a helmet 
and the unprotected threshold are taken as being equal to the amount 
by which the helmet attenuates the various frequencies. 

Some such method is commonly used for making subjective measure- 
ments of attenuation. ‘ Two modifications of the Hanmrd method have 
been adopted in this laboratory'.’ At Harvard, the subject has one ear 
tightly' plugged and sits with the unplugged ear turned towards the 
loudspeaker ; here, the subject uses both ears and sits facing the loud- 
speaker. In this laboratory, too, the input voltage to the loudspeaker 
is controlled not by the subject but by' an operator who, to obtain each 
reading, gradually increases the input until the subject signals that his 
threshold has been reached. 

Determinations made by these subjective methods show a great deal 
of variation from individual -to individual. In the experiments carried 
out here the indi\'idual determinations scattered so widely that in general 
the differences registered between helmets could not be relied upon. 
Not only did the results vary' from one subject to the next but it was 
impossible to ensure that one subject should alway'S give the same result 
for the same hehnet. This variability was no doubt due in part to 
variation in the acoustic seal provided by the helmet from one experi- 
mental run to the next and it may be argued that it is of interest to know 
whether the fit of a given helmet is so critical as to cause wide differences 
in the subjective judgments of its attenuation. A helmet in which this 
is the case, even though in its optimum condition it may give very good 
attenuation, is clearly not a good helmet for general use. On the other 
hand, such variations in the judgment for one helmet preclude the 
possibility' of assessing small differences between helmets and thus restrict 
the usefulness of such measurements. It is desirable to be able to detect 
not only' the difference between one helmet and another which is perhaps 
slightly' superior but also the effect of a small modification to a helmet, 
such as, for example, a change in the material used for the telephone 
holders. 

The need for a more sensitive method of measurement has led to an 
attempt to devise an “ objective ” method in which the ear judgments 
shall be replaced by' instrumental readings. 

3. Objective Attenuation Measurements 

In theory it should not be difficult to replace the ear by' a microphone 
and to make the required measurements by' means of a sensitive voltmeter. 

See ■' The Acoustic Design of Earphone Sockets for Helmets and Headsets . 
{Ps)-cho-.\coustic Laboratory, Harvard University ) 
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In principle the method is similar to the subjective method The micro- 
phone IS placed near a sound source supplymg pure tones of different 
frequencies and the voltmeter is used to measure the voltage developed 
across the microphone both when it is open to the sound source and 
when it IS " protected " by a helmet The difference between readings 
for the two conditions gives the attenuation of the pure tones by the 
helmet The considerable practical difficulties that are encountered m 
applying such a method are described in a subsequent section A 
report on similar work has been made bv Squadron Leader H A Robinson 
R C A F to the Associate Committee on A\iation Medical Research 
N R C , Canada This paper descnbes the measurement of the attenu 
ation of vanous materials which can be used in making helmets and 
therefore supplies information \\hich is of service when designing a helmet 
or its component parts The efficiency of a helmet in attenuating noise 
is limited, however, by the efficiency of its weakest part and it is therefore 
necessary to be able to measure the attenuation afforded by the helmet 
as a whole This report describes the experimental work which was 
carried out wth a view to devising a technique for making such 
measurements 

4 Apparatus 

The apparatus used in carrying out the objective attenuation measure- 
ments wll now be described It can be divided into two mam sections, 
(a) the signal generating system, by means of which the signals are 
produced and presented to the artificial car, and (^) the measuring 
system, which includes the artificial ear itself and the meter on which 
the output from the microphone is measured 

I Stgfial geneiahiig system 

This system is shown schematically in Fig i It consists of a Birming- 
ham Sound Reproducers beat frequency oscillator which is connected 
directly to a large Pamphonic mo\ing coil loudspeaker mounted m a 
testing booth The voltage applied to the loud speaker can be measured 
on the meter included in the output circuit of the oscillator The inner 
walls of the booth are lined with varnished ply^\ood and in order to reduce 
reflection a heavy curtain is provided which can be drawm m front of 
the three blank walls 

Wffien measuring the amount by which a helmet attenuates a complex 
noise the oscillator is replaced by the noise generator described in a 
previous report* This generator makes use of aero engme noise 
recorded as a sound track on a glass disc A beam of light is focussed 
on the disc which is mounted on the shaft of an electric motor The 
modulated beam then acts upon a photo electric cell and the resulting 

• See A New Method of Testing the Hearing Efliciencj of Aviation Candidates 
FPRC 532 March 1943 
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Measuring Attenuation of sound by Flying Helmets 

voltage vanations are led to the input of a 50 watt amplifier A trans- 
former IS included m the output circuit of the amplifier in order to match 
its impedance to that of the loudspeaker 

2 Measuring system 

The meastSnng system consists of a Standard Electnc moving coil 
microphone, No 4017a, and a high gam valve voltmeter on which the 
signals received by the microphone are measured This microphone 
which has a reasonably flat frequency charactenstic throughout the 
range 50 10000 c p s , is mounted in a dummy head and acts as an 
artificial ear The dummy head is of the type used in the manufacture 
of flymg helmets and is composed of a layer of papier mache about I in 
thick and mounted on a wooden base The intenor of the head used in 
these expenments is packed with plasticine and the microphone inserted 
so that it lies a little below the surface of the head This ensures that 
only those signals which fall on the diaphragm of the microphone are 
registered Sound waves which fall on any other part of the head are 
absorbed by the plasticine and prevented from reachmg the microphone 
This packmg also serves to prevent any considerable build up of signal 
strength owmg to resonances in the intenor of the head Since there 
was a possibility that the diaphragm of the microphone might extend 
beyond the telephone holder of some helmets a thick nng of plasticine 
was placed m front of the microphone in order to reduce the area of the 
diaphragm exposed to the sound 

The valve voltmeter consists of a two stage high gam amphfier with 
a moving coil current meter in the output circuit The input to the 
amplifier, which has an impedance of i megohm is fed through a cah 
brated potentiometer covenng a range of 112 db in steps of qdb The 
voltage variations across the input are -recorded on the output meter 
which IS calibrated in decibels about a centre zero The overall gam 
of the amplifier is 114 db and the zero readmg on the meter with maximum 
gam corresponds to a voltage of 144 microvolts across the microphone 

5 Experimental Technique 

The protection afforded by each type of helmet was estimated in 
two ways [a) by measuring the amount by which pure tones are 
attenuated, and (b) by measunng the decrease m the overall level of a 
complex noise on passing through the helmet The method of carrying 
out these measurements is described in the followmg section 
I Pure tone attenuation measurements 

In making these measurements the head was placed so that the 
microphone faced the loudspeaker at a distance of about 18 m from the’ 
centre of the cone The reading on the output meter of the oscillator, 
which was kept fixed at all frequencies, was so chosen that the level of 
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the signal when the naicrophone was protected was sufficient to produce 
a reasonable deflection 'on the voltmeter at everj- frequencr’- used in the 
test. AMien taking a reading the calibrated potentiometer on the input 



of the voltmeter was adjusted so that the meter needle was brought as 
close as possible to the centre zero. As the scale on this meter is cali- 
brated in decibels it is possible to interpolate between the 4 db. steps 
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on the potentiometer and so estimate the settmg which would bnng the 
needle exactly to zero 

The difference between the settings corresponding to zero readmg 
when the head is exposed to the sound and when it is protected by a 
helmet gives the attenuation of the helmet at that frequency It proved 
to be impossible to make measurements at frequencies greater than 
about 8000 c p s The efficiency of the loudspeaker falls considerablj 
at these high frequencies and this, added to the fact that most fljnng 
helmets attenuate sounds in this region by 40 db or more, made it 
impossible to produce signals of sufficient intensity to give a reasonable 
deflection on the valve voltmeter It was decided therefore to confine 
the attenuation measurements to frequencies mthrn the range 100 
8qoo c p s 

In sweeping through the frequency range and keeping the output 
from the oscillator constant it was seen that the curve representing the 
microphone voltage passes through a large number of sharpl5 defined 
peaks These are due partly to peaks in the frequenej response of the 
signal generating system and partly to the effect of standing waves 
set up m the testing booth The peaks m the output from the micro 
phone were found to occur at almost exactly the same frequencies for 
‘‘ protected ’’ and " unprotected measurements, the onl> difference 
being that for the protected measurements the peaks tended to be less 
sharp Unless the osallator is tuned to correspond with the maximum 
of the peak a small error iq the frequency setting may lead to a large 
change in the voltmeter readmg and so give rise to spunous attenuation 
values Tuning to the crest of the peak also has the advantage of in- 
creasing the output from the microphone and making it possible to cover 
a larger range of frequencies It was decided therefore to take readmgs 
at certain selected peaks throughout the range and to tune to the 
maximum of these peaks for both protected and unprotected measure- 
ments 

The technique employed in making an attenuation measurement 
can be stated as follows 

The head is placed in position in front of the loudspeaker and the 
frequency dial of the oscillator set close to one of the required values 
The frequency is then adjusted slightly so that it corresponds with the 
nearest peak in the output from the microphone and the output v'oltage 
of the oscillator is set at a fixed value, as mentioned above The potentio- 
meter in the voltmeter is then adjusted to bnng the needle on the meter 
as close as possible to the centre zero, and the settmg which would 
correspond accurately to the zero reading is calculated This setting is 
noted for 10 frequencies throughout the range , the frequencies actuallj’ 
used are shown in Table i, page 229 

The helmet under test is then placed on the head It is important 
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to ensure that the telephone holder is located centrally over the micro- 
phone. For this reason the earpieces are not inserted imtil the helmet is 
adjusted so that the microphone appears to be directly opposite the tele- 
phone, holder. The chin straps are done up firmly but not too tightly 
and the earpieces are carefully replaced in such a way that the hole 
through which the telephone leads normally pass is covered by the 
telephone holders. In the case of helmets where the telephones are 
inserted from the inside this procedure is not possible but instead great 
care is taken to ensure that the telephone shall be as nearly opposite to 
the microphone as can be judged from external appearance. 

\^dien the helmet is on the head the measurements are repeated, 
the output of the oscillator being kept at the same fixed value for all 
frequencies. As before, the frequency is adjusted to correspond with ,a 
peak on the microphone output. In almost aU cases this has been found 
to be vdthin a few cycles of the corresponding reading for the unprotected 
measurement. 

The setting of the potentiometer which would give zero reading on 
the voltmeter is again calculated and the difference between the two 
settings for protected and unprotected conditions gives the attenuation 
effected by the helmet at each of the selected frequencies. 

When the complete set of attenuation determinations was repeated 
after removing and replacing the helmet it was seen that the values 
showed some variation. This variation was seldom greater than 5 db. 
and ‘then only at the higher frequencies, ^^fflen an attenuation measure- 
ment was repeated wthout removing the helmet the values obtained 
never varied by more then x db. thps showing that the variations 
previously noted are produced by the removal and replacing of the 
heliriet. Thej^ may be caused by a change in the pressure ■with which 
the helmet is applied to the sides of the head or in some other factor 
affecting the seil between .the helmet and the head. \^Tien the receivers 
were pressed tightly against the sides of the head by means of a spring 
clip the measurements were found to agree more closely. This very 
considerable pressure, however, increased the attenuation afforded by 
the helmet and it would be misleading to quote these values as such a 
pressure could not be applied when the helmet is in normal use. 

Because of this slight variation in the results it was decided to carry 
out three complete determinations for each helmet, which was removed 
and replaced in the manner described above, and to take the mean of 
the values of attenuation obtained at each frequency. The unprotected 
readings did not change by more than i db. and it was not necessary to 
repeat these. By making attenuation measurements with the head in 
various positions in the booth it was shown that the position of the head 
in relation to the loudspeaker is not critical. From this it would seem 
to follow that the peaks obtained in the output from the microphone are 
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in the main due to peaks in the response of the signal generating system 
rather than to the effects of standmg waves in the booth 

The intensity level of the pure tone signals used in making the 
measurements was determmed by means of a General Radio Sound Level 
Meter The level of each signal above the standard reference intensity 
IS given m the foUowmg table 


TABLE I 


Frequency 

Intensity 

c p s 

db 

^oo 

103 

250 

no 

345 

107 

620 

112 

g6o 

105 

1800 

104 

3270 

96 

4780 

99 

5915 

81 

7540 

61 


It is seen from this table that the pure tones were all of rather high 
intensity, and m fact were comparable m intensity with the components 
of aircraft noise This constitutes a further difference between this 
objective method and the common subjective method, which uses low 
intensities As far as the objective method is concerned, there is, however, 
no reason to suppose that the actual level of the pure tones would have 
any influence on the results there is little doubt that an attenuation 
value for a signal of given frequency will hold good whatever the level 
of the signal 

2 Attenuation of a complex noise 

Overall noise attenuation measurements have been carried out on the 
various types of helmet using the complex noise referred to m Section 4 
In making these measurements the output from the noise generator 
was led directly to the loudspeaker and the intensity of the noise issuing 
from the speaker w’as kept constant at no db as measured on the G R 
meter The head was then placed m position as before and the output 
from the microphone recorded on the valve voltmeter for both protected 
and unprotected conditions Three determmations were made for each 
helmet, the helmet being removed and replaced each time It was found 
to be unnecessary to repeat the unprotected reading on each occasion 
The individual measurements for a particular helmet showed such slight 
variation (never more than 3 db ) that this repetition of the determma- 
tions was not stnctly necessary 

The mean values of overall attenuation obtained for the vanous 
helmets are shown m Table II, Section 6 
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3. Comparison of spectra of complex noise inside and outside helmet 

a variation of the technique described in section 5.2 it is possible 
to obtain a check on the pure tone -attenuation measurements. This 
consists in plotting the spectrum of the noise picked up by the micro- 
phone for protected and unprotected conditions. The reduction in 
intensity in a particular frequency band, provided the band is sufficiently 
narrow, should then agree roughly with that given by the pure tone 
measurement at a frequency corresponding to the middle point of the 
hand. This procedure was adopted for several of the available helmets. 

The head was placed in position in the noise field and the output from 
the microphone led through the. valve voltmeter amplifier to a General 
Radio Sound Analyser. This analyser measures the intensity of the 
sound in a frequency band extending over a range equal to 5 per cent, 
of the. frequenc}'' to which the instrument is tuned. Readings were 
taken at the frequencies used in the pure tone measurements. The 
helmet was then placed on the head and these measurements repeated. 
.The difference between the two sets of readings then gave the attenuation 
for each of the frequenc}^ bands. 

\Mien the synthetic aero-engine noise was used for these measurements 
the results were satisfactory for frequencies up to 1000 c.p.s. but above 
this frequenc}'’ difficulties were encountered owing to the fact that the 
filters in the sound analyser provide a maximum attenuation of the order 
of 40 db. for frequencies outside the band to which they are tuned. 
If, therefore, there is a difference of more than 40 db. between the 
intensities of two components of the noise it will be impossible to measure 
the weaker component as the stronger one is likely to be registered at the 
same time thus giving spurious results. The helmet may attenuate the 
high frequencies by 50 db. more than the extreme low frequencies and 
as the noise is in any case less intense in the high frequenc}^ region the 
difference in intensity between the components can easily exceed 40 db. 
Readings for frequencies in the middle and upper parts of the range arc 
therefore ver}^ likely to be spurious and due entirely to the effect of the. 
more intense low frequency sounds which break through the filtering 
system. In order to overcome this difficult and to make measurements 
possible above 1000 c.p.s. the readings were taken for the two parts of 
the range separately. For bands up to 1000 c.p.s. the total S3mfhetic 
aero-engine noise was used, and for frequency bands above this, the valve 
generated noise only was used. This noise has a fairly uniform spectrum 
from 1000 c.p.s. upwards. Components below this were reduced m 
intensit}' bj- means of a separate high pass filter. With this t5'^pe of 
noise it proved possible to take readings throughout the range, 1000- 
7300 c.p.s. Attenuation measurements were then carried out at the 
frequencies used in the pure tone measurements, and these, taken in 
conjunction witli the low frequency measurements using the standard 
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engine naiie, gave the values of attenuation throughout .the frequenc} 
range loo 7500 c p s 

The purpose of this expenment uas to show that, for a given helmet, 
attenuation ralues obtained by the pure tone method are a reliable 
indication of the amount by which the components of a complex noise 
are attenuated The measurements show that there is good agreement 
between the results obtained by the two methods (see Table III, Section 6) 
and it follows from this that we are justified in calculating the spectrum 
of the noise inside a flying helmet worn in a noise field by reducing thi 
intensity of each component of the external noise by an amount equal to 
the pure tone attenuation at the corresponding frequency 

6. Results 

The method desenbed m Section 5 i has been used to measure the 
attenuation of ii different helmets and i head band The following 
table gi\es some information about all the helmets measured Except 
where it is otherwise stated, the receivers are the British Tj^ie 16 high 
impedance receivers 

/ ttboratory 
Reference 

.N ninbet Type ' 

I British B 

Leather helmet, with circular doughnuts and sorbo rubber 
covers over outside of receivers 
7 • British C (F) 

Xew type leather helmet with type (F) telephone holders , 
these holders have no rubber flange extending to the edge of 
the kapok doughnut 

12 Bntish E (G) 

Aertex helmet with type (G) telephone holders , in these 
holders a thick rubber flange extends from the edge of the 
receiver to the outside edge of the kapok doughnut 

15 Bntish D (G) 

Tropical khaki drill helmet with tjpe (G) telephone holders 

16 German Ln 26618 

Leather, fleece lined helmet w ith no doughnuts , German 
receivers 

17 US Na\> 

Light leather helmet with " powdir puffs , Riq riccivcrs 

28 Bntish C (G) — Loaded 

Similar to number j6, but embodj mg loaded rubber telephone 
holders Total weight with receivers 592 gms 
231 
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■’ • U.S. Navy 

Lea'ther helmet, chamois lined; Harvard design 5 earphone- 
cups ; ANB-Hi receivers. 

35 U.S. Nav}? — ^Tropical 

Khaki drill helmet, ‘ unlined ; Harvard design 5 earphonc'- 
cups ; ANB-Hi receivers. 

36 British C (G) — ^Wired 

In the wired t3'pe of helmet the receiver leads are brought out 
to the back of the helmet and the microphone leads are 
brought to a plug at the side of the helmet. Total weight 
with receivers ; 493 gms. 

37 British Type C — Insulated Headband 
Adjustable headband fitted wnth T57pe C earphone-cups. 

The accompanying graphs show the results of the attenuation measure- 
ments. Wherever possible the objective measurements for a given helmet 
are shown in comparison with the subjective measurements published by 
the Psycho-Acoustic, Laboratory, Harvard. 

One pair of helmets. Nos. 12 and 15, gave results which demonstrated 
the effect of " fit ” upon attenuation. These helmets have identical 
earphone-cups and it is extremely unlikely that the materials of which 
they are made contribute appreciably to the attenuation. It is probable 
therefore that the noticeably ^eater attenuation afforded b)' helmet 
No. 12 is due to the better seal obtainable with this helmet. Although 
nominally of the same* size, helmet No. 12 was slight^ smaller than 
No. 15 with the result that the kapok rings were pressed more closely 
against the sides of the head. 

In generaTit appears that the goodness of fit of the helmet has a very 
pronounced effect on the attenuation and that’ variations in the fit can 
easily mask -the effects of change in the design of the earphone-cups. 
\ATiere different t3'^pes of helmets have to be compared it is most important, 
therefore, to en.sure that the helmets should be as nearly as possible equal 
in size. 

The followng table shows the overall attenuation of the standard 
engine noise for each helmet. 


Helmet 

TABLE II 

Laboratory 

Reference 

Number 

Attenuation 

Ah. 

British E (G) 

12 

17 

,, C (G) loaded 

28 

17 

C (F) ■ 

7 

M 

Tj'pe C headband 

37 

J3 

British D (G) 

15 

13 

U.S. Harvard design 5 

31 

II 

(drill) 

British B 

5 

10 

I 

10 

.. C (G) 

36 

9 

German 

16 

7 

U.S. Na^'^• (powder-puffs) 

17 

5 
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In the foUoNVing tables the attenuation measurements obtained by 
analysing the complex noise inside the helmets are given Only three 
helmets nere measured by this method The third column m each 
table shows the difference between the attenuation values given by this 
method and by the pure tone method A negative sign indicates that 
the value given by the pure tone method is the greater 
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Helmet 1 


Helmet No 7 


Fr^^i/^nc\ 

i lit n net ton 

Difference 


Frequency 

Attenuation 

Difference 

c p s 

db 

db 


c p s 

db 

db 

too 

7 

-5 


100 

M 

9 

250 

10 

-2 


250 

II 

•~2 

345 

12 

“3 


345 

16 

0 

630 

*3 

-2 


O20 

*4 

-2 

9&0 

28 

-I 


960 

19 

I 

i 5 oq 

47 

10 


1800 

34 

15 

3270 

43 

J 


3270 

35 

2 

4780 

58 

10 


4780 

$6 

6 

591:5 

46 

3 


5915 

3O 

7 

7540 

57 

-X 

Frequency 
c p s 
too 

250 

345 

620 

g6o 

z8oo 

3270 

4780 

5015 

7540 

Helmet No 
Attenuation 
db 

6 

6 

4 

Ji 

16 

48 

33 

39 

45 

45 

7540 

36 

Difference 

db 

4 

-1 

-4 

-4 

2 

-7 

-2 

4 

32 

2 


7 Comparison of Objective and Subj'ective Pure Tone Measurements 
When the results of the objective attenuation measurements are com- 
pared with those obtained by the subjective method it can be seen that 
the two methods give attenuation curves which are similar in shape 
The values of attenuation given by the objective method, however, tend 
to be consistently greater, especially m the middle frequency region 
This difference is perhaps shown up more clearly by a companson of the 
insulation indices calculated as desenbed m the Harvard report* This 


Hehnet 

TABLE IV 
hahoratory 
Reference 

A iiiii&rr 

/nsii/nfion 

06 ;ccfiie 

Index 

Hanard 

British C (G) loaded 

2S 

139 

— 

Harvard No 5 

3 ' 

123 

87 

British B 

t 

111 

84 

British E |G) 

12 

107 

67 

Harvard No 5 drill 

3 a 

lOI 


British C (G) 

30 

gb 

70 

British D (G) 


gb 


German 

16 

83 

66 

British C (F) 

7 

78 

50 

1 S Nav’A 

*7 

44 

46 


• See The Acoustic Design of T arphone Sockets for Helmets and Headsets " (Ps) cho- 

\coustic I-aborator\ Harvard Unuersitj ) 
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index is proportional to the area included between the attenuation cur\-e 
and the frequency axis throughout the frequenc3' band 250-qooo c.p.s. 

The consistent!}' higher values of insulation index given by the 
objective method are probably due to the good fit which is generally 
obtainable when using the dummy head. It is known that a faulty seal 
between the helmet and the head reduces the attenuation more particularly 
at the middle and the lower end of the frequency spectrum. This was 
bonic out by experiments done in tliis laboratory in which small leaks 
were deliberate!}' introduced between the helmet and the head. The 
effect of these was most considerable on-frequencies below 2000 c.p.s. 

It has been stated in Section 5.1 that the attenuation afforded by 
•the helmets was measured three times at each frequenc}'. The values 
thus obtained showed some variation which for the majorit}- of cases 
did not exceed 5 db. at any particular frequency. Table V shows the 
range covered by these measurement's for two helmets, {a) the helmet 
whicli showed the least I'ariation out of those tested, and (b) the helmet 
which showed the greatest variation. _ 


TABLE V. 


(a) Range 

Piequcncy 
c p.s 

(b) Range 

0-5 

lOO 

5-5 

0-0 

250 

3-5 

0-5 

345 

5-0 

3-0 

620 

5-0 

2-0 

960 

4-0 

t -o 

1800 

6-0 

-•5 

3270 

4-0 

1-0 

4780 

3-0 

5-0 

5985 

2-0 

5-0 

7540 

'9-0 


Statistical calculation shows that with -such variations the difference 
between the mean attenuations for two helmets at any frequency is 
unlikely to be significant unless this difference is greater than 5' db. 
Significant is here taken to mean that the odds against such a difference 
being due to random sampling errors arc greater than 20 to r. 

It is noticeable that the helmets which sliow least variation are those 
which are not prordded with a kapok doughnut, for example the U.S. 
Kav}' powder-puff and the German helmet. This is no doubt partly 
due to the fact that these helmets in general offer a lower degree of pro- 
tection and that the variation from measurement to measurement is 
therefore likel}’ to be smaller, but it may also show that the acoustic 
seal provided b}- the kapok ring is more likely to vmry according to the 
wa}’ in which the helmet is placed on the head. 

As we have graded the helmets in order of merit on the basis of their 
insulation index it is important to know the minimum difference between 
the indices whicli we may assume to be significant. This minimum 
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difference has been estimated according to the standard statistical 
procedure for the two helmets listed in Table V. The insulation index 
was calculated for each set of attenuation measurements. This gave 
three indices 'distributed about a mean value. A simple calculation then 
gives .the amount b}’ which another mean must differ from this, assuming 
equal scatter in the individual values, in order that the difference should 
be significant. When this procedure was adopted for the two helmets 
which showed the greatest and the least variation in the individual 
values of. attenuation it gave minimum differences of ii and 4 respectivel3\ ■ 
This means that if every helmet showed as much variation in individual 
attenuation measurements as that listed in Table V (b), differences of 
less than ii units in the insulation indices could not be considered signifi- 
cant while if they showed as little variation as that listed in Table V {a) 
the corresponding difference is 4 units. Most of the helmets which were 
tested, show a variabilitj^ more nearly equal to that of {a), so that in these 
circumstances we are justified in assuming that a difference of 6 units 
■between two insulation indices represents si^ificant difference in 
protection. 

On this basis the grading of the helmets according to the objective 
method of measurement is as follows : 


« 

TABLE VI 

Laboratory 

Reference 

Insulation 

Order 

of 

Helmet 

Number 

Index 

Merit 

British C (G), loadecl 

28' 

139 

1 

TJ.S. Navy, Harvard design 5 

31 

123 

2 

British B 

I 

III 


British E (G) 

12 

' i °7 

3 

U.S. Na\’y, Harvard, drill 

35 

lOI 


British C (G) 

36 

gS 

•1 

British D (G) 

15 

gS 


German 

lO 

83 


British C (F) 

7 

78 

5 

U.S. Na\’>', powder-puff 

'17 


■ 6 
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CONSIDERATIONS REGARDING THE 
SECONDARY AFTER-SENSATIONS- CAUSED 
BY A STIMULATION OF THE SEMICIRCULAR 
CANAL SYSTEM 

Bj L B \\ JONGKnrs and J J GROEN (Utrecht)* 

If a person on a rotating chair rotates with a constant angular velocity 
he will have no sensation of rotation If the motion is suddenly stopped 
the test person immediately gets the feeling of rotating opposite to the 
onginal direction of rotation of the chair with a subjective angular 
velocity that decreases mth time WTien this sensation has passed, there 
anses after a short pause a feeling of rotation in the onginal direction of 
the motion of the chair, less intense though than the previous sehsithon 
This cycle may be repeated a few times, each time after a little pause and 
usually with alternating direction (fig i) The_ nystagmus under similar 
circumstances shows an entirely analogous behaviour 

Our knowledge of this process is mainly due to Fischer and his school, 
who accurately analysed the sensations of their test patients and thus 
discovered these rhythmic after sensations, by what they called " e\act 
subjectivism ”, the analysis of sensations f 

In the process of after sensations there exists, however, an essential 
difference between the first after sensation and the followmg, secondary 
after sensations kVhereas the first after sensation can be explained m a 
purely mechanical way, according to the conception of llach-Breuer, by 
the inertia which, after stopping the external movement causes a continued 
flow of the fluid in the canal the structure of the semicircular canals is 
such that the cupula as an oscillatory system is damped apenodically and, 
therefore, cannot force such a sensation on to the mind by performing 
oscillations } Besides this, many other arguments have been adv^mced 

• From the University Clmtc for Diseases of the Ear Nose and Throat l)trecht 
(the Netherlands) Director Prof Dr A A J van Egmond 

I M H Fischer and E Wodak Ev-periraentelle Untersuchungen uber Vestib'^l^ris 
reaktionen Z f H \ 0 Heilk j 198 1922 C Veits Vestibularisreaktioo^n 2ur 
Drehprufung Z f H \ O Hetlk 29 368 1931 Zentr bl f H N 0 17 481 ^932 
F Woletz Quantitati\e Untersuchungen uber den postrotatonschen Nystagmus i 
Z f H W 0 Heilk 33 476 1933 E Buys Beitrag zum Studium der galvan^schen 
Nystagmus Monalsschtxft f Ohrenhetlk 43 Soi, 1909 E Buys and P I^jlant 
Arch intern depkys 49 loi 1931 

J \'an Egmond Jongkees and Groen Quantitatie\e onderzoekingen o\er de 
held der opT’atting van Mach Breuer Steinhausen Arrf Tijds i Geneeskunde 194^ 
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which tend to exclude the hypothesis that the secondary after-sensation 
rna}" be caused by endolymph movement. Fischer and Wodak (l.c.) 
already pointed out that the plane in wliich the rotation is thought to 
take place, changes its position when the head is turned, but this change 
only occurs during the first after-sensation and not afterwards. According 
to Schmalz* who has made excellent calculations noth regard to the 
mechanical processes in the semicircular canals, the secondary after- 
effects must be caused centrally, because there is each time an intcr\'al 
between subsequent after-sensations. Veits indicates that later after- 
sensations never cause other sensations than a feeling of vectorial 


^ time ^ > 



rotation and moreover, that the duration of the entire process of after- 
sensation may endure sometimes man}'^ minutes, which speaks against a 
peripheric origin. 

Of course the greater part of the processes of after-sensation and after- 
nystagmus certainly occurs centrsJly. Nobody \vill doubt that the 
processes by which we become conscious of the sensation of rotation and 
the process resulting in the nystagmus mainly occur.in the central nervous 
system. 

However, none of the arguments presented to disprove a periphcnc 
causation of this entire process is by any means conclusive. The opposite 
is true. Certainl}'- the h5'^pothesis can be e.xcluded that the rhythmic 
after-sensations arise from oscillations of a periodically damped cupula. 
However, many other peripheric causes are conceivable, for instance 
chemical processes such as are known in the retina and arc held responsible 
for the formation of after-images, electrical phenomena and final j 

* Schmalz. Proc. Hoy. Soc. Med., 25-1-1931. 
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phenomena of elastical hysteresis m the cupula, which is not only dis- 
placed after a deflection from the state of equilibnum, but of whfch tbe 
internal structure is also distorted This process of recovery maj', 
no doubt, last for several minutes and there is no reason why there might 
not be any pauses between successive phases of the after-sensations and 
the nystagmus Also the fact that later after-sensations have not alw ays 
alternating directions, but are sometimes observed m the same direction a 
few times in succession, may be readily understood from this standpoint 

The argument of Fischer and \Vo3ak, that a changfe of the position of 
the head only causes a change of the subjective plane of rotation dunng 
the first after-sensation, needs further analysis If the rotation took 
place in the plane of the honzontal canal, then the after sensation wall 
occur m the same plane as soon as the rotation is stopped This sensation 
IS effected by a mechanical cause, namely a flow of the endolymph in the 
said canal If the position of the head is changed at this moment then 
one has a sensation of rotation m another plane (disregarding the strong 
feeling of nausea and other sensations of motion such as inclination and 
countermotion) This means that the sensation no longer originates only 
from the honzontal canal but also from other parts of the labyrinth This 
IS exactly what would be expected on mechanical grounds The flowmg 
fluid rvill tend to preserve its direction of motion and thus penetrate from 
the utriculus into the vertical canals, causing a stimulus there Expen- 
ments with a glass model have proved that such types of flow and whirl 
indeed occur More extensive investigations on this subject are now 
being earned out 

A change of the position of the head dunng the later after-sensatiotis 
causes no change of the subjective plane of rotation Neither is there any 
mechanical reason that it should do so There is no flow, hence there will 
be no stimulation of the nerves of the other canals The nerve of the 
investigated canal remains stimulated in the same way, therefore the 
subjective sensation, the plane of rotation remains the same So all 
these facts fit very well into a periphenc explanation of the ongin of these 
phenomena and certainly contain no evidence in favour of a central 
ongm 

From an investigation performed by one of us* it appeared, more- 
over, that the first after-sensation lasts for a penod of time which is 
proportional, up to a certain limit, to the logarithm of the magnitude of 
the impulse of deceleration This limit is approximately 6o°/sec 
If one passes above this limit changes in the process appear to take place 
The cupula is subjected to such large forces that its structure becomes 
distorted and thereafter, dunng a long period, changed values are observed 
In case the stimulus has been much too strong, as for instance wath our 
routine tests where the patients are subjected to impulses of l8o“/sec or 

• Groen " De cupula als shngersystcem Ned Ver K N O arisen Mei 1944 
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more, sometimes changes are perrnanent ;■ the cupula leaks. Now it 
appears that secondary after-sensations only occur if such a deformation 
of the cupula is also effected, that is, if the impulse lies above 6o°/sec. 

So there occurs distortion of the cupula. This tends to recover, so 
that the cupula resumes its original form. If, after the return of the 
cupula to its zero position, the period of the first after-sensation has 
passed, then a stimulation of the nerv'e terminals in the cupula maj’ 
still take place owing to elastic after effects within this member itself. 
From this standpoint it is, therefore, easy to explain, that the later 
after;-sensations are not entirely equal to the first one -with a real cupula 
' deflection (vectorial rotation according to Veits), that no change of the 
subjective plane of rotation takes place when the position of the head is 
changed, and that pauses occur between subsequent after-sensations. 
All this, therefore, needs no central explanation. 

But, whereas in the present case the central explanation was at least 
advanced on the basis of many real data, this happens frequently with 
processes w'here it has not yet been established b)^ any means whether 
the}’’ do not occur mainly or even completely peripherically. And before 
the explanation of a process is consigned to this still so mystically veiled 
region which the sensory physiologist can b}’ no means j’ef \isualize 
clearly, thorough reasons should be .present to reject a peripheric causa- 
tion.' Especially the solutions w'hich are often at hand in this field, such 
as ; “ nervous disposition ”, “ change in irritabilit}’ ” etc., yield no 

•basis on which it may be hoped that experiments w'ill permit a clarification 
of our insight. Therefore, the task of the sensory physiologist should be, 
to look w’ithin his own domain for a solution of the problems occurring ; 
only if all possibilities have been exhausted he may reluctantl}’ submit the 
problem to the brain physiologist or to the psychologist. 

Thus, from our standpoint, even suggesting a central causation of 
certain phenomena w'hen the peripheric possibilities are not yet 
completely exhausted, is quite objectionable, because every problem may 
seem to find a solution in this w'a}'^ and w'eak points of a theorj’ are blurred. 
It is preferable to use a w’orking hypothesis, being conscious of its 
insufficiencj’ and its temporary character, rather than to see in the 
central ■ approach to realit}’’, owing to such blurring of weak points, the 
ultimate truth. 


Summary 

A process of sensory physiolog}'^ ought to be ‘elaborated as far as 
possible in its peripheric, sensory aspects, before the difficulties may be 
referred to central processes. The process of secondarj’ after-sensations 
after a rotation can entirely be explained peripherically, by assuming 
elastic after-effects in the structure of the cupula. 
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LARGE EXTRADURAL ABSCESS IN THE OCCIPITAL REGION 
SECONDARY TO MASTOIDITIS 

By J W S LINDAHL (London) 

Emradural abscess is a not uncommon complication of mastoid disease 
The case to be descnbed has, however, unusual featurrs, firstly as regards the 
size and position of the abscess and secondly, in the mddness and misleading 
nature of the symptoms The condition remained iatem^br-^!»e\eral months 
and at no time after the initial and apparently mild otilik media uere there 
any symptoms referable to the ear apart from slight deafn^s^which sometimes 
persists after any attack of middle ear infection \ 

Unfortunately service conditions prevented my follomng case through 
to complete recovery but, as interest lies in the diagnosis raOier than the 
treatment, I think it justifiable to put it on record The initial ^iCges of the 
illness occurred abroad and no notes were available as to the patient s condition 
there He was, however, an intelligent man and a good \Mtness and I am 
satisfied as to the accuracy of his statements 

Craftsman A \V , aged 33, was admitted to a Military Hospital on April 
2yth, ig44, complaining of pain in the back of the neck of 3* months duration 
The pain was present all the time and was localized to the right occipital 
region, spreading forward over the vertex, into the right temple and behind 
the right e) c It was not increased by movements of the head but he stated 
that he felt a " crunching " feeling m the neck on mo\ement On occasion 
he had felt as if he had a temperature but had never had any shivenng attacks 
Apart from the above he had no other complaints 

In January, ig44, while in the Middle East, he had what at the time appeared 
to be a mild attack of right sided otitis media follo^vlng a cold. There was no 
actual earache but the nght ear discharged, be had some pam on chewing, and 
was slightly deaf He was admitted to hospital, the ear treated mth dry 
mopping and spirit drops and the discharge cleared up completely m ro dajs, 
leaving him with a very slightly diminished hearing acuity He stated that 
he had no treatment with sulpha drugs and denied any previous history of 
aural disease 

During this time, however, he ^rst noticed the pain in the back of the neck 
and this persisted after the otitis media had apparently resoh ed Investiga- 
tion of his nose, throat, teeth and eyes was made, his ears were examined and 
mastoids X rayed and he was told that the latter showed no abnormality 
Finally a diagnosis of fibrosiUs of the neck was made, he w’as given radiant 
heat and discharged to duty after 28 days in hospital, improved but with 
slight pam still present 

He remained on duty with slight pain still present, and in March, 1^44. 
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returned to England with his unit. On the voyage the pain became more 
severe and, after disembarkation, he was admitted to an E.SI.S. Hospital 
where the same diagnosis of fibrositis was made without, however, anj"^ investi- 
gation other than clinical e.xamination. He was again discharged to duty 
after a short course of radiant heat which, however, produced no improvement 
and, on the day after his return to his unit, he again reported sick and was 
admitted to a IMilitary Hospital under m}* care. 

On examination he was a well built man with a rather sallow complexion 
and looked ill. Temperature ioi°. Pulse 85. Tongue furred. 

Movements of the head and neck were free and there was no rigidit}^ hut 
there was an area of tenderness^ about an inch square in the right occipital 
region just above the insertion of the occipital muscles. 

Nose and throat were normal. 

The left ear was nonnal. 

The right car showed a drj', intact drum which was not full or bulging. 
It Avas grey and thickened looking with a faint yellowish tinge and a little pink 
injection round the handle of the malleus. There was verj"^ slight deafness and 
the Rinne test wfis negative. There was no tenderness over any part of 
the mastoid or immediately behind it. 

X-ray of cervical spine showed no abnormality. The tehiperature settled 
■ down completely in 48 hours but the pain persisted. 

The possibility of a residual suppurative lesion connected with the ear was 
kept in mind but there seemed very little clinically to support this and the 
condition of the right ear could be considered to come within normal limits 
taking into account the fact that he had had an attack of otitis media. Exam- 
ination by a ph3'sician revealed no cause for the symptoms either generally 
or in the central nenous system. The pyrexia noted on admission, however, 
suggested something more than fibrositis and we were fortunate that this 
occurred while under our observation as the rise in temperature was presumably 
intermittent and infrequent, and maj' not have occurred on the previous 
occasions he was in hospital. 

A blood examination gave the following results ; 

Mdiite cells 15,000 with 89 per cent, poljmrorphs. 

Hemoglobin 90 per cent. 

Sedimentation rate 72 m.m. in one hour. 

X-raj^ of the mastoids showed opacity of the right side Avith loss of definition 
of the cell outlines. 

Myringotomy on May 8th produced a little thick pus. 

On May loth, ig44 the right mastoid was explored, a long posterior extension 
to the post-auricular incision being used. All cells were infected and, postero- 
superiorl}*, above the lateral sinus, a track was found Avhich followed the lateral 
sinus for a short distance and then led upwards and backwards at an angle of 
45° wdth the horizontal to terminate in a cavity l3dng 2 inches above and i inch 
.lateral to the e.xtemal occipital process, t.e. subjacent to the tender area already 
mentioned. The sinus and cavit3' contained about 3! ounces of thick yellow 
pus. A thorough Schwartze’s operation Avas performed on the mastoid, bone 
Avas remoA'cd from oA'er the abscess caAdt3' to leaA’e it AA’ide open, the AA’ound Avas 
poAvdered Avith sulphonamide, left open and lightl3'^ plugged. 
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Culture of the pus showed organisms of the Micrococcus catarrhalis tjpe 
onl}" In the opinion of the pathologist the original infecting organism had 
died out ■* 

On the daj following operation the occipital pain had gone and ne\er 
recurred 

After fi\e da}S on May jylk the \vound was dressed under an anesthetic 
and some more bone removed over the abscess caxity to lay it open more 
freely After this the wound was lightly packed on alternate days 

Reco\er\' was satisfactory but slow There was some degree of anemia 
and a transfusion of one pint of blood was gnen on two occasions May i6th 
and zyth 

On June yth the wound edges were freshened and secondary suture performed 
with excellent union except for a small tnangular area o\er the mastoid which 
I w as intendmg to graft 

Unfortunately, owing to the exigencies of the service the patient had to 
be transferred to another hospital 

When transferred on June 12th ig44 he was very well and getting up 
daily He had no syrnptoms whatever the wound was healed and the small 
granulating area was clean The ear was dry and while there was a ver>' 
slight degree of deafness, he could hear a whispered voice at 10 feet 

I think that a slightly earlier secondary suture might have resulted in 
complete healing and in this respect the after treatment was probably a little 
overcautious He did however make a good recovery with sound healing and 
the nsk of recurrence should be minimal 

I wish to thank Colonel H F Panton, DSC M C for permission to publish 
this case 
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The results have been subjected to Statistical Analysis and it has been 
found that the results at 4000 cycles in the two series of cases are significantly 
different. 


Conclusion 

1. There is a marked deterioration in the hearing for high tones especial!}' 
at 4000 cycles in the ears of the soldiers. This is in accordance wth a long 
knoum effect of acoustic trauina on the 4000 cycle band of the cochlea. It is 
of considerable interest to note that the deterioration is considerably greater 
in the Left ear than the Right. 

2. Protection of the ears from noise has always been a difficult problem in 
the army, because the men must be able to hear orders given while actual 
firing is in progress. It is considered that the marked loss of hearing shown 
above in the left ear, makes the use of some form of protection a matter of 
great importance. It is suggested .that if an adequate protection in the form 
of an efficient ear plug was provided for the left ear, and nothing used in the 
right, there would be no loss in the man’s capacit}' to hear orders and the 
acoustic trauma of the left ear would be reduced to negligible proportions. 

3. The use of an Audiometric method of examination is imperative in 
order that an accurate conception of the effects of acoustic trauma be obtained. 
The R.A.F. Gramophone Audiometer is an apparatus specially designed for 
rapidly testing a large number of people. 

4. It is beyond the scope of this investigation to assess which of the many 
weapons used is responsible in the greater part for this acous-ic trauma. 
Statements made by the men investigated in this series and from others, have 
given rise to the impression that the Rifle is the chief culprit. The trouble is 
caused usualty by rifles fired nearby rather than by the man’s own gun. The 
position adopted in firing a rifle is such as lo leave the left ear very much more 
exposed than the right. 

I am indebted to Wing Commander G. Bateman, to the Staff of the R.A.R 
Acoustic laboratory for assistance in preparing this paper, and to Air 
Commodore E. D. Dickson for permission to publish it. 
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CLINICAL NOTE 

UREA A USEFUL AGENT IN THE TREABIENT OF SUPPURATIVE 
CONDITIONS OF THE EXTERNAL AUDITORY JIEATUS 
AND NASAL VESTIBULE 

By j L D WILLIAMS (Manchester) 

Urea (CO(NHa);) is well enough known for its therapeutic action as a powerful 
diuretic when given mouth, its effect being due to its property of retaining 
water on excretion from the kidney This ability on the part of urea to absorb 
water has also led to its use as a local application in infected wounds h-, indolent 
ulcers and allied conditions In this connection, it is interesting to note that 
research into the action of urea on bactcnal growth m cultures has shown that 
it has a definite effect, discouraging growth and causing modifications in form 
The effects, however, were vanable m different species of organism In addition, 
urea is said to penetrate both animal and vegetable cells, dissolving proteins very 
easily 3 These properties probably explain its beneficial effect m exudative 
conditions, and its power m separating adherent slou^is and membranes 
Capillary proliferation has also been observed m tissues subjected to the 
influence of urea 3 

Thus, to summanze the effects of urea when used locally, it may be said that 
Its action IS brought about by a combination of the following factors — 

(i) Absorption and retention of water , {2) bactenal inhibition , (3) cellular 
penetration , (4) dissolnng of proteins , {5) capillary proliferation 

Generally, urea has been combined with one of the sulphonamide group 
of drugs in the treatment of wounds and ulcers, and stress seems to ha\ e been 
laid on Its antiseptic action rather than on the osmosis produced 

Interest in the use of the drug in otology has been confined chiefly to its 
action in chronic discharge from the middle ear, and it has been used for this 
condition m conjunction wth most of the sulphonamides It has also been 
tried along wth Caroid an enzyme extracted from the juice of the Papaw fruit 
(canca papaya) and hanngaproteol)^^ action over a wide range of temperature 
Reports of its use were frequent in the Amcncan literature prior to the M^orld 
War, and vaiying success was obtained m chronic suppurative otitis media 
Enthusiasm, however, seems to have waned, and in 1940 Seltzer, reporting cases 
of middle-ear infection m which urea was used, states that " a final evaluation 
suggests that urea m otology has no therapeutic value ” and that it is merely 
" another one of those straws which are frequently grasped with the hope that 
at last an effective agent has been found for the successful treatment of chronic 
discharging ears 

Unsuccessful as it may be in chronic otorrheea, urea has a place m the 
otological pharmacopoeia, and the purpose of this communication is to draw 
attention to an apparently little known application of the drug. Its action had 
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been noted on tropical ulcers, a feature of which is the tendenc}' to fonn a hard 
and extremel 3 ’- adlierent slough. Urea in crj^stal form was found to be one of the 
most efficient means of removing this slough, the effect being to liquef}^ it and 
render its removal, usualty a matter of painful picking e.xtending over a few 
da\'s, a rapid and simple procedure. It wg.s tried on furunculosis in various 
situations; and this writer can testify from first hand knowledge as a patient 
of its value in the’ remov'al of the hard core in this condition. The funincle, 
often a small carbuncle, was 'surrounded with vaseline, leaving the point of the 
furuncle uncovered in the centre, somewhat like the crater of a volcano. This 
crater was then filled with urea ciy^stals, covered with a dry dressing and left 
for twentj'-four hours. At the end of this time, the slough was easil}'^ detached, 
leaving a health}* granulating surface. 

The drug was tried in aural furunculosis, and quickl}^" established itself as- 
the treatment of choice in any but the mildest cases. The technique employed 
is as follows. The meatus is first mopped out with wool, and an effort made to 
find a chink through the swollen meatal walls in the severer cases. It is 
important to clear out as well as possible the space between the drumhead and 
the stenosed meatal area, pajdng particular attention to the 'anterior deep 
recess, as pointed out b}'’ Daggett.5 No drug is a substitute for thorough 


toilet of the meatus in any e.xudative condition of the ear, and failure to carr}’ 
it out property must inevitably result in prolongation of infection, since an 
excellent culture medium, incubated at optimum temperature, is rapidly built 
up behind the swollen area of the meatus. Urea is then introduced on a gauze 
vdck, dr}* for preference, the ribbon gauze being impregnated as well as possible 
with the cr}'stals. It is sometimes difficult to get much urea to adhere to the 
dressing by this method alone, and usually it is necessary for an assistant to add 
a few cr}^tals to the gauze as it is introduced into the meatal orifice. An 
alternative, particularly in a hypersensitive ear, is to use narrow vaseline gauze, 
the urea adhering more readily to it, and the introduction of the dressing being 
less disagreeable, since the vaseline acts as a lubricant. My impression is, 
however, that the urea is more efficacious in its " drawing ” power if used dr}', 
especially if the furuncles have begun to discharge. The dressings are repeated 
daily, preceded by careful toilet. A marked improvement is usually seen on 
remo\*ing the first dressing, subjectively as well as objectively. A dressing of 
any of the standard medicaments, property applied, \vill usually produce relief of 
some degree in this condition, but a clinical test, -using as controls mag. sulph. 
in glycerin, Ichthyol lo per cent, in Glycerin and Aluminium acetate 8 per cent., 
has convinced the %vriter of the superiority of urea. The question of whether 


to incise a furuncle, always a debatable one since the incision may open up 
tissue spaces and spread the infection, has frequently arisen and has been avoided, 
in all but one case, by a vaseline wch plus urea. Once the swelling has subsided 
and the furuncles have ceased discharging, it is advisable to discontinue the use 
of urea, since continuation at this stage frequently causes rawness and tends 
to gi\*e rise to a troublesome diffuse meatitis. For this reason, it has been 
customary to use an astringent solution, on gauze wicks, for a further two or 
three da}'s (c.g. alum.' acet. S per cent.) ; in a considerable number of cases seen 
in the tropics, a residual infection with B. pyocyancus necessitated dressings of 
acetic acid i per cent, for a few days. More recently, the urea treatment has 
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been followed by insufflating a thin film of Penicillin pouder on to the meatal 
walls, which seemed a logical way of preventing an exacerbation of the Staph}*- 
lococcal infection The results of the above regimen have been uniformly 
satisfactory in what is, while not usually a serious illness, at least a most dis- 
agreeable expenence 

Treatment based on the above principles has also been effective in sev eral 
cases of furunculosis of the nasal vestibule In one patient so treated, the 
swellmg of the eyelids and forehead gave nse to the suspicion that one was 
dealing with a cavernous sinus thrombosis, but dressings of urea on \aselme 
gauze rapidly caused the furuncle m the vestibule to discharge and the swelling 
of the tissues drained by the angular vein to subside 

I should like to thank Mr Ian Fraser, D S O , O B E who informed mo of the 
use of urea in ulcers and furunculosis generally, while in charge of the surgical 
division of a military hospital in West Africa 
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SOCIETIES’ PROCEEDINGS 

ROYAL SOCIETY OF MEDICINE— SECTION OF-'LARYNGOLOGY 

February 1st, 1946 
President — G, Ewart Martin, F.R.C.S.Ed. 

(1) Squamous-celled Carcinoma of Left Cheek Treated by Operation ; 

(2) Squamous-celled Carcinoma of Left Tonsil 

By Norman Patterson 

The first of these cases was that of a man aged 76. He was seen at London 
Hospital in 1926 with squamous-celled carcinoma of left- cheek previouslj' 
treated by Mr. .Jlorris on two occasions by diathermy. Operation was carried 
out on December 29th, 1926, by flap method as described by the exhibitor in 
British Journal of Surgery (1937, xxv, 330). Recurrence took place in 1943 at 
old site but also involved the lower jaw. Operation was carried out again by 
means of flap method, September 3rd, 1943, at Royal Bucks. Hospital. Later 
•bony_ sequestrum separated. Mr. Patterson showed drawings illustrating the 
method which he had devised man}' years ago. He added that the condition 
was commoner in men than in women, but in his short series there were more 
women than men’ (4 men and 6 women). 

For the case-historj' in the second male patient, aged 68, he was indebted to 
^Ir. Robert D. Owen who referred the case to him for treatment. Secondary 
_glands on the afiected side were removed at the London Hospital by block 
dissection in lilarch, 1926. Three weeks later diathermy excision of squamous- 
celled carcinoma of left tonsil, anterior pillar, and base of tongue was carried 
out. 

Both these cases were well, after twenty years. 

The President said that formerly dissection was practised in his hospital, 
but now practically' all the cases had been handed over to the radiologist for 
deep X-rays. 

A. J. "M. Wright said that in Bristol they' were not accustomed to send all 
these cases to the radiologist. If he himself had a carcinoma in the cheek he 
would not have the slightest hesitation in choosing somebody' to deal with it 
by' diathermy' rather than by' radiation. 

E. D. D. Davis said that it had been his experience that these tumours, 
treated by' means of deep X-ray's, died from secondary' groyyths within eighteen 
months. Personally he preferred diathermy. 
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Mixed Salivary Gland Tumour in Palate 
By R R Simpson 

F B , male, aged 38 

September 1945 Swellmg right parotid, size of an orange, and swelling of 
right half of palate, size of a tangerine orange Palatal sw elling bulges fonvards 
and doumwards and beyond mid-lme causing some difficultj in chewing and 
swallowing 

Both swellings considered to be part of same tumour and of the mi\ed 
salivary type 

Mr Simpson said that this large tumour had been present for several years. 
He first saw the patient in 1938, when the tumour was about half 
its present size Should the tumour be treated by operation or should it be 
left entirely alone ^ 

C P Wilson said that he did not think there was any doubt but that such 
cases were malignant The consensus of opinion was that they were low-grade 
carcinomata 

If the tumour in the palate was causing trouble there was no reason whv 
it should not be excised The most satisfactory treatment seemed to be to 
treat these tumours with radiotherapy and excise them afterwards 

About a year ago he showed a patient in w'hom a tumour of this type in the 
peritonsillar region had been excised in 1922 Since that time he had had two 
or three further tumours in the parotid with recurrences, and had had excision 
and several courses of radiotherapy Three years ago he developed a swelling 
of the ilium, which on exploration was also found to be of the^ame pathology 
The patient was still working after twenty-four years, although he had a facial 
palsy on the affected side, and would probably show a further recurrence later 

Mvsguxve Woogwan said that the pimtiple which should he iollowed was 
to remove these tumours whene\er they could be removed He was certain 
that they were malignant, although the malignancy was of low grade They 
could be safely removed from the palate When they occurred in the parotid 
it was wiser to leave them alone He thought that they did recede to a certain 
extent under radium and X-rays One patient whom he saw was a commercial 
tra\ellcr who had a large tumour which had been under observation for ten 
years He did not want an operation because he was afraid that it would 
damage Iiis voice and so handicap him m his business He was treated by 
means of X rays He was still alive, but the tumour was rather larger than 
formerly though it had not increased to any great extent 

E D D Davis said that m his experience X ra}' and radium treatment had 
no beneficial effect on these tumours It made a subsequent dissection opera- 
tion much more difficult 

Boeck's Sarcoidosis with Nasal Lesion 

By F C W Capps and J C Hogg 

Male, aged 21 August 1945 attended King George’s Hospital, Ilford, with 
a histor}" of nasal obstruction for eighteen months, swellmg of cervical glands, 
and an intermittent swelling of proximal phalanx of right middle finger There 
was nodular infiltration of the nasal mucosa, redness and dryness of the pharjmv, 
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and many discrete rubber}’ glands on .both sides of the neck. W. R. and 
Kahn were negative. W.B.C. 11,400 per c.mm. 

X-ray of finger ; " Upper half of medullaiy^ cavity has lost its outline when 
compared with other phalanges ”. 

Histology of the nasal lesion ; A fibrolympho-angioma was suggested, but 
the pathologist admitted that he had seen nothing like it before. A section 
was stained for tubercle bacilli, but none was found. 

In ‘December 1945 the patient was seen at St. Bartholomew’s Hospital. 
Clinical picture was substantially the same, but enlarged glands were also 
found in the left axilla. There was no enlargement of the spleen, and there were 
no inguinal glands. The radiograph of the chest showed increased hilar 
shadows suggesting glandular enlargement. Boeck's sarcoidosis was diagnosed. 
Nodule from nose was inoculated into a guinea-pig, but the guinea-pig un- 
fortunately died of pneumonia the day following. Gland was removed for 
section and the report was ; *' Node almost entireh’ replaced b}^ a. mass of 
pathological tubercles packed close!}' together. ' Giant cells are very sparse, 
but fibrosis is considerable. A few areas of early hyaline degeneration but no 
caseation. No tubercle bacilli seen ”. 

The histological picture strongly favoured a diagnosis of Boeck’s sarcoidosis. 
The patient was fit and well and there were no other obvious lesions in the 
upper respirator}' tract. The tonsils had been removed. 

This was shown as a rare condition of which not many cases were seen. 
There was some doubt as to the diagnosis at first, but it had been confirmed on 
histological grounds. There was a strong presumptive evidence of sarcoidosis. 
Mr. Hogg asked for suggestions as to any form of treatment which might 
improve the condition. The patient had a very poor airway, and it was of 
this he chiefly complained. 

E-. D. D. Davis said that clinically this condition looked like a tuberculoma, 
but ilr. Hogg had told them there was no ulceration. The nodules did not 
break down and ulcerate. Lupus was a ver}' chronic disease and continued 
for many years. The section had a different appearance from that found in 
common lupus. 

J. H. Otty said that a number- of these cases were seen up North but he 
looked upon this as a case of tuberculoma of the nasal mucosa and these cases, 
as a rule, did not ulcerate. He did not think he had seen lupus within the nose 
without lupus of the cheek or elsewhere in the skin of the face. He had treated 
them with light diathermy. 


Tumour of Nasal Septum (Chondrosarcoma). Operation and 

Recurrence 

By Robert D. Owex 

H.J.W., male, aged 43. First seen in September 1943, when he complailt'cd 
of complete nasal obstruction of long standing. Examination show'ed a red 
smooth mass arising from the nasal septum and causing complete occlusion 0 
both posterior nares. X-Yays showed the right antrum diffusely opaque, "db 
a rounded opacity extending into the left antrum, .in e.xploratoi}' operation 
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was performed, with right lateral rhinotomy approach, and the whole of the 
nasal septum) with the mass, was remov^ed. The pathological report showed 
the mass to he composed mainly of chondromatous tissue, but suggestive of 
chondrosarcoma. In November 1944 another operation was performed for a 
recurrence involving the floor of the right frontal sinus, extending down to the 
inner canthus, also in the roof of the mouth in the mid-line. Further sections 
showed a similar chondromatous structure. It was difficult to judge the 
malignancy on histological grounds, but the tumour was evidently forming 
metastases. Opinion varied as to whether any response could be produced by 
teleradium, and the problem was how far further surgical interference could 
be carried out. The man's present condition showed further recurrences, 
particularly m both orbits. 

The pathological report 'showed that two of the sections, namely, those of 
tissue from the canine fossa and from the left ethmoidal region, consisted 
mainly of chondromatous tissue. It was difficult to decide from the histological 
appearance whether it was a simple recurrent chondroma or a chondrosarcoma, 
but from the way it appeared to be destroying the tissues it was probably the . 
latter. Another section, probably fibrous tissue from the antrum, showed, 
in one part of it. some chondromatous infiltration The tumour w-as avascular. 
He asked for suggestions from the Section as to whether surgery was the best 
line of treatment or whether radiation in one form or another could -be 
introduced. 

Gavin Young said that he had at the moment two of these cases. He was 
assured by the radiotherapist that they were not radio-sensitive, and it had 
' been customary to deal with recurrences as they occurred, by diathermy. 


Chondroma 
By W. Stirk Adams 

A man, aged 22, in September 1933 came under the care of Mr Holt Higgle 
at the Christie Hospital, Manchester, suffering from a swelling in the left side 
of the face, which on surgical exposure proved to be an ossifying chondroma 
with no evidence of malignancy. The tumour was excised and radium inserted 
into the cavity of the antrum. From then he remained well until October 
1936. when a left orbital swelling occurred, but subsided. This returned m 
1938 and, in November, an external operation was carried out for removal of 
the tumour. Three years later he was referred to Mr. Stirk Adams. At this 
time there was a firm fullness in his left cheek and inspection of his nasal cavity 
showed a mass which had extended through the nasal septum and was pressing 
on the lateral nasal wall on the right side, A sub-iabiai excision of the mass 
was undertaken and he remained well until March 1943, when a further operation 
was carried out because of increasing trismus. The neoplasm had by this time 
extended posteriorly into the spheno-maxillary fossa. A further partial 
removal was carried out in the follou’ing November, in an attempt to relieve 
his spasm, and at this time the mass was found to have extended into the basi; 
occiput and the basi-sphenoid. .In April and October 1943, courses of deep 
N-rays were attempted but could not be tolerated. Biopsy material removed 
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at operations was examined and in cverj’^ case Professor Haswell Wilson 
reported a simple cliondrorna with no evidence of malignancy. 1'he prominent 
sjTOptom, apart from that of the local lesion was a devastating continuous pain 
in his face and head, and several of the operations Were carried out because, 
after operation, he obtained relief from this pain for weeks or months. The last 
attempt to relieve him was carried out in Maj'- 1944. He died of increasing 
weakness but without evidence of somatic secondaries, in hTovember 1944, 
eleven years after his first symptom. 

It was unwise, therefore, to regard any chondroma developing in the na.sal 
capsule as innocent. 

Lionel Colledge considered it ver}' unlikel3' that the tumour was radio- 
sensitive. He thought it most undesirable to make incisions in the face, they 
were disfiguring, and they were not necessarj' from the point of view of 
obtaining increased. exposure. The customarj^ procedure in what was called 
Rouge’s operation gave all the exposure required. 


Laryngeal Granuloma following Intratracheal Anaesthesia 

By Ian G. Robin 

Woman, aged 50. Two years ago she had two gjmtecological operations 
both under an anaes.thetic. She complained of hoarseness immediately after- 
wards and ever since. He brought forward the case rather as a supplement to 
the Presidential Address (Ew'art Martin, J. Laryng., in press). Three months 
ago there was definite granuloma. He thought there was now a small 
granuloma on the other side, perhaps due to a recent attack of influenza. 

The President said that he had seen three further cases since those 
previouslj’ reported b}' him. One of these very much resembled the present 
case. It was difficult to see whj' a tube passing into the larynx could give rise 
to a granuloma in one case and not in hundreds of others. 

I. SiMSON H.all said that the number of cases of this form of larjmgcal 
irritation seen was extremel}' small when the large number, of ana!sthetics 
carried out everj' daj^ in all parts of the countr}' was considered. He suggested 
that there must be some predisposing cause apart from the trauma of passing 
the tube. As a possible suggestion of this causation it was noteworthy that 
fibroma or granuloma of the cord was most liable to form when the voice was 
used execssiveh' in the presence of slight inflammation. It ivas possible that 
slight larjmgeal inflammation or slight cold might be a predisposing cause of 
the granuloma formation following intubation. 

C. P. Wilson said that he had seen a case in which a granuloma of the lairmx 
had occurred as a result of an intratracheal tube having been left in the larynx 
for a week. The nurse in charge of the patient had removed the metal connection 
of the tube from the nose without realizing that it was attached to the intra- 
tracheal rubber tube. The patient had complained of no discomfort other 
than loss of voice, and it was not until the surgeon had gone down to the countr.v 
'and examined the patient a week later, that it was discovered that the tube 
was still in position. In this case the granuloma must have been due to trauma. 
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■ J. H. Otty said that he had only seen one such case in Aberdeen m the 
last fifteen years He supported Mr. Hall's contention that infection might 
play a part as the only case in Aberdeen followed a bronchoscopy for 
bronchiectasis 

..R D Owen said that he thought the practice of passing the tube dowm 
blindly under pentothal anassthesia only, was to be deprecated 
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PACCHIONIC GRANULATIONS AND BRAIN 
HERNIAE 

, _ By P. G GEKLINGS (Amsterdam)* 

The Pacchionic granulations consist of arachnoideal flocks, separated by 
a ‘■thin endothelial dura-layer and connected with an intradural blciod 
sinus. The Pacchionic granulations have a special function to perfoj^_ 
i.e, to influence the brain pressure, disturbances can lead to an increased 
intracranial pressure as in some cases of otogenic hydrocephalus 

An arachnoideal flock originally consists in a substantial meshwijrk 
of connective tissue covered with several layers of endothelium As the 
gi^aimkAifliif dituy >n£usu' spauuir lir i*iK“ iTn.'siKvin’il' or' 

tissue which communicate with the subarachnoid spaces and contain the 
cerebrospinal fluid. The endothelium often become stratified 

The Pacchionic granulations are especially found in the roof of the 
skull in connection with the Superior longitudinal sinus, but also at the 
base of the skull. The predilection site is the pjTamid-apex, chiefly the 
cavum Meckelii because an e.xtensive venous ple.vus is present here^ 
communicating both with the sinus petrosus superior and inferior ajuj 
sinus cavernosus and with the plexus venosus caroticus and the vehae 
meningeae media. Ruttin points also to the sinus petrosquamosus, hi 
text-books of anatomy described as a variety, which, however, is foqnd 
almost without exception on microscopic examination, somewhat laterquy 
to the canalis musculotubarius. It is a sinus consisting of several spaces 
typus cavernosus sinus. Sometimes this sinus receives the sinus petrogus 
superficialis (Ruttin) which runs above the sulcus of the Nervus petrogus 
superficialis major and can be followed retrogradually to the hiatus 
canalis facialis. In this e.xtensive region of venous sinuses Pacchionjc 
granulations are especially found. Very rarely Pacchionic granulations 

• From the Otolaryngological Department, University of Amsterdam. DirectQj. 
Professor dr A. de Kleyn 
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are found in the posterior cranial fossa near the sinus transversus 
(Brunner). Sometimes accumulations of endothelial cells, so-called 
“ endothelial tracts ” (" Solide Endothelstrange first described by 
M. B. Schmidt, are found in the dura. These accumulations emerge 
from Pacchionic granulations and are perhaps of importance for the 
development of sarcomata and psammoma of the dura (Cushing). 

In 1870, at a Meeting at Wurzburg, Recldinghausen demonstrated a 
specimen of a brain tumor, obtained at an autopsy, which showed numer- 
ous brain hemiae. Brain hemiae are bulbous protrusions of brain tissue 
in the dura mater ; later Beneke and Blasius demonstrated that brain 
hemiae alwa3'^s develop in Pacchionic granulations. Consequently brain 
hemiae are Pacchionic granulations which are filled wth brain tissue 
instead of cerebrospinal fluid. Recklinghausen had already pointed to 
the increased brain pressure as of etiological moment and it can easil}' 
be understood that thus brain tissue can be embedded in a Pacchionic 
granulation. 

In a number of cases an increased brain pressure is absent, so that 
Wojno speaks of “ physiological brain hemiae ”. Others (Erdheim, 
Cushing) think that a temporarily increased cranial pressure is necessar}^ 
for some time in a former period of life. According to Bmnner, however, 
these brain hemiae should occur more often than is now the case. Wojno 
assumes congenital pia defects causing a predisposition for brain hemiae. 
The finding of Ruttin, i.e. brain hemiae in six temporal bones of three 
children vith florid rachitis (age 2-4 years) is verj' important as this is 
rarely found at an early age. A further explanation of the connection 
between rachitis and brain hemiae has not yet been found. Erdheim 
(Neurological Institute, Vienna) made an extensive investigation about 
the stmcture of brain hemiae. Different steps can be distinguished, 
dependent on the development of the brain hemiae in the Pacchionic 
granulations. During its development the brain hernia glides along the 
pedicle of the Pacchionic granulation, pushing it aside, simultaneously 
compressing the blood sinus. As the brain hemiae enlarge they cause an 
increased pressure on the surroundings, by which atrophy of the 
Pacchionic granulations and pushing aside of the blood sinus occurs. In 
the long mn the whole intradural cavitj’' is filled with brain tissue which 
remains in communication with the brain via the aperture in the inner 
sheath of the dura, the so-called operculum (Erdheim). It is also possible 
that a hernia retracts itself via this aperture in the operculum (Cushing). 

Continuation of the brain pressure causes erosion of the bone of the 
base of the skull, the so-called “ Delle ”. Very seldom a brain hernia is 
found extradurallj'. 

Brain hemiae are almost exclusive^ found at the base of the skull, 
at the same predilection sites of the Pacchionic granulations. On 
removal of the brain small rests of brain cortex are severed which were 
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Sticking to the dura If the dura is severed from the base of the skull, 
small rests of cerebral cortex, pm pomt sized, of weak consistence and 
gray-red colour, are found together, separated by connective tissue, 
so-called colomes of bram hemiae The varymg microscopic picture of the 
bram hemiae is caused by secondary changes in the bram tissue on 
the one side by pressure and on the other side by vascular disturbances 
The latter are caused by pressure of the supplymg vessels m the aperture 
of the operculum Beside t5^icai brain tissue with beautiful ganglion 
cells, all sorts of transition to glia tissue without any structure, \vith 
oedema, hemorrhages, sometimes inflammatory infiltration, are found 
In the " physiological bram hemiae of VVojno mflammatory sjnnptoms 
are absent In 51 cases of 225 autopsies Franz found brain hemiae, the 
youngest case bemg three years of age Podesta examined 29 temporal 
bones Pacchionic granulations were 12 x found m the neighbourhood 
of the pyramidal apex Ruttm exammed 50 senes of temporal bones of 
adults with various pathological processes, except brain tumors Some- 
times he found Pacchionic granulations, once a brain hernia In this 
case in the marrow cavities of the p5^amidal apex symptoms of a cured 
rachitis could still be found In 10 cases of brain tumor Brunner found 
5 bram hemiae at the base of the skull 

The investigation of Erdheim drew the attention of Viennese otologists 
to Pacchionic granulations and bram hemiae of the temporal bone 

0 Mayer was the first who pointed to their pathological importance, 

1 e when Pacchionic granulations and bram hemiae are found m the 
tegmen tympani, the roof of the Eustachian tube or communicate with 
the smus transversus Brain hemiae are also found in connection with 
pneumatic cells {Mayer, Brunner), marrow cavities (Kecht, Podesta), 
facial canal 


Description of the Specimens in Two Cases 
Case I Patient suffermg from gargoyhsm (Hurler’s disease) This 
disease is characterized by osteodystrophy and enlarged spleen and hver 
They are very ugly children, who by d\varfism, heavy build, heavily 
crooked bones, are much alike The jomts cannot be extended 
Gargoyhsm is classified among the lipoidoses 

In the left middle cranial fossa numerous impressions are found 
into which the dura mater proceeds (Fig i) In the latter, cavities 
filled with blood and communicatmg wath the vessels of the dura, are often 
found The bone contour of these impressions is partly irregular, no 
symptoms of new bone formation or bone destmction In the deeper 
bone layers penvascular bone resorption does occur In several places 
Pacchionic granulations (Fig 2) are found The pedicle of the 
Pacchionic granulation penetrates through an aperture m the inner 
sheath of the dura to the intradural blood spaces The size of the 
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Pacchionic granulations varies. The structure can easil)^ be seen witJi 
a liigh power photomicrograph (Fig. 3), here and there accumulations of 
endothelial cells being seen. One large dehiscence is found in the tegmen 
tj-mpani (Fig. 4), surrounded several impressions. Through this 
dehiscence a large Pacchionic granulation penetrates into the epitym- 
panic ca\dt}'- of the middle ear. The Pacchionic granulation is separated 
by a thin dural la5’^er and mucous membrane from the proper tympanic 
cavity. The course of the pedicle, penetrating into the iimer sheath of the 
dura through a fairly large aperture, can clearly be followed (Fig. 5). One 
large brain hernia (Fig. 6) is seen together with a Pacchionic granulation, 
but separated from it by a dural septum. In a dense network of glia 
tissue numerous well-coloured nuclei of Varying form among which 
ganglion cells are foimd. The Pacchionic granulations and brain herniac 
are exceptionally found on the left side, although in the right middle 
cranial fossa some impressions are formd. 

Case II. Patient, female, 50 years of age, died of subacute 
pneumococcus meningitis, in which the infection reached the dura of 
the middle cranial fossa via a spontaneous dehiscence of the tegmen 
tympani. In this case Pacchionic granulations and brain herniae were 
of no pathological importance. On the left side some Pacchionic granu- 
lations are found in the middle cranial fossa and one larger brain hernia 
in a larger impression near the oval %vindow. The pedicle of the hernia 
is very broad, so that a large aperture in the operculum is found (Fig. 7). 

This, brain hernia developed in a Pacchionic granulation which 
had been pushed to the side. Also a small blood cavity can 
still be seen. -The structure of the brain hernia is less distinct 
than in Case I, especially the colouring of the nuclei is moderate. In 
the facial canal (Fig. 8) a blood cavity is found, protruding into the dura, 
here a Pacchionic ^anulation and a so-called " Endothelial tract ” 
of Schmidt are seen. 

The pathological importance of brain herniae consists in the fact that 
thejr can conduct an otogenic infection, especially cases in which the 
infection proceeds through the tegmen tjonpani or pyramidal apex. 
Only in Podesta’s case the infection proceeded through the petrous 
angle to the sinus transversus. 

During the mastoid operation, when laying free the dura in the neigh- 
bourhood of the tegmen tympani and in front of it, a Pacchionic granu- 
lation or brain hernia may tear off. Through the dural fistula, occurring 
by this, an inflammatory process can quickly give rise to a leptomeningitis. 

It is well to remember that in cases of meningitis a secondary infection 
is possible from the meninges. An infiltration in the brain herniae, 
even suppuration, can develop without them having played a role in the 
infectious process. 

In the literature the foUomng cases are found : 

264 





Fig. 3. 

Pacchionic granulation (large magnification). 
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intense opacity of the left maxillarj- sinus, corroborating our doubts to be 
dealing with an intrasinusal haemorrhage. Ice is applied to it. A roentgeno- 
gram is taken the following morning, showing complete although not unifonn 
opacity of the left sinus (Roentgenogram i). Just inside the vestibulum nasi, 
partly adherent to the mucosa in Kiesselbach’s area, there are some bloody 
crusts which are easily removed with forceps. The patient is requested to blow 
his nose in order to free it from secretions, and an abundant hremorrhage takes 
place during which an attempt is made to discoverits origin, although unsuccess- 
fully. The careful scrutiny with the aid of the aspirator, gi%-es a negati\-e 
result. Within five or ten minutes, the haemorrhage ceases spontaneously 
and sudden h'. During the time of bleeding, it was not possible to see blood in 
the middle meatus, because it is not itself well visualized. A puncture 
of the left ma.xillar}' sinus was made, withdra\ving two or three small black 
clots b}' means of a sjuinge. Puncture has been absolutely non-traumatic 
with the puncture-needle we use, without provoking the least bleeding. 
The washing done afterwards, let several old large dark clots come out. No 
fresh blood is to be seen. Before withdrawing the needle, we injected i c.c. of 
a 3 per cent, ephedrine solution into the sinus. 

The ear drum has partly changed its primary bluish colour. In the uppei 
portion, it presents its normal aspect, but in its inferior portion is seen through 
transparency a bluish deposit, which we believe to be blood, occupying at least 
a third of the total corresponding surface. 

Immediately after the washing, we sent the patient over to Dr. Berti, who 
took a new roentgenogram in which we see that the sinus has cleared verj' 
much, although maintaining a thickened mucosal image, despite the probable 
effect of ephedrine injected into the sinus (Roentgenogram 2). 

Six hours later, the patient’s condition is e.xcellent. Subjectively he 
feels well and thinks he is quite restored. There is no pain or malar heaviness. 
He is less deaf. Audiometric tests are checked by the tuning forks, being quite 
within normal limits. 

On the ne.xt da)', the patient hears well. No deposit is to be found in his 
ear. The nares are absolutel)' free. 

The sudden improvement that came after the blood clots were removed bj’ 
washing, increased on the following days. Ha;morrhage did not occur again 
notwithstanding the patient being submitted to a new puncture with a 4 mm. 
trocar, in order to perform antroscopy. This however, failed ow'ing to a 
faulty antroscope. 

On the following da3's, there %vas no nasal trouble, except a slight degree of 
obstruction, probably referable to the trauma caused by packing and the 
antroscopy. 


Study of the blood. 

Red blood cell count 3,750,000. H.-emoglobin 63. Colour index 0-84. 
.•\nisocytosis - Poikilocytosis. 

White blood cells 4,000. 

Bleeding and coagulation time • normal. 
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Epistaxis of Sinusal Origin 

,In the presence of a patient, who bleeds from his nose, what should 
be our reason for thinking that the haemorrhage has its source within the 
sinus ? 

First of all, the difficulty of finding the bleeding point. When it is an 
anterior haemorrhage, which originates commonly in the vascular area, the 
problem is simple and presents no difficulties. Sometimes, it is possible to 
see the beating of the bleeding vessel, and if haemorrhage has been already 
controlled, it is enough to tampon with an adrenaline soaked pack, to 
clearly visualize the vascular area, making it easy to identify it. On the 
other hand, if a negative result is obtained from the examination of this 
usual bleeding area, things are quite different. 

If the nose is examined the very moment it bleeds, it is very hard to 
identify the blood vessel, most of all, if the hjemorrhage is abundant, such 
as is generally the case. The blood overflows the field, chokes the patient 
and vision becomes difficult, if not impossible, being necessary at times 
to postpone every manipulation and wait for a spontaneous arrest. It is 
in this that we can see the usefulness of the aspirator, whose employment 
makes a minute survey possible, We must do our utmost to observe with 
care the middle meahts, to see if blood comes down from there, flowing over 
the inner surface of the inferior turbinate. This verification is conclusive, 
leaving no room for doubt. 

But, if the patient comes to us with his haemorrhage arrested, it is 
difficult to say, where it came from. Questioning will provide some 
data. Among these, a very important one, is the itirup/rtess of the begin- 
ing and of the bleeding arrest. It is after this fashion, it happened in our 
patient, and to which Hall and Thomas’s special attention is devoted. 
Hemorrhage stops and reappears abruptly and suddenly, with no 
apparent cause whatever, being abundant from its very start. The authors 
we have just mentioned, suggest that this characteristic should be attri- 
buted to a clot obstructing the ostium. At certain times, the blood 
coming out, overcomes the opposition made by this occluding clot, and 
bleeding occurs again. An energetic negative pressure applied to the nose, 
with the purpose of provoking haemorrhage, failed. In our case, on the 
contrary, haemorrhage was precisely due to a forced expiration, blowing 
of the nose, in such a way that it could be compared to turning the tap 
of a pressure water-pipe. Perhaps, the positive pressure provoked by 
this manoeuvre had displaced a clot stopped in the ostium, but we don't 
think it able enough to reproduce in such a way a hemorrhage that had 
ceased several hours before, unless the offending blood-vessel had been in 
direct contact with the occluding clot. In fact, we think that the 
repetition of hiemorrhage, may be due rather to the movement of the small 
blood clot — occluding the bleeding vessel. _ The act of blowing the nose, on 
introducing air by pressure in the interior of the sinus, has set in motion the 
clot content within it, being this same clot content that keeps direct 
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contact with the vessel that bleeds and with the clot formed in the 
vascular lesion. The setting in motion of these intrasinusal clots by the 
blowing of the nose, would be the cause of the repetition of the 
hfemorrhage by its direct action on the affected vessel. 

The arrest of ha;morrhage comes of a sudden. This arrest may be due 
to these two mechanisms : the clot in the ostium or the pressure exerted 
by the clots vdthin the sinus on the bleeding vessel. 

Hall and Thomas also describe as t3'pical of these sinusal hEemorrhages 
an intense pain, located in the inner angle of the eye, present above all while 
the hsemorrhage lasts. In our own patient, we have recorded the presence 
of a painful steady sensation although of slight intensity, which could be 
compared rather to a feeling of heaviness in the malar region. Thus 
there occurs, in both instances, the presence of the symptom, differing 
only in the degree of intensity. 

None of the authors we have just mentioned, has been able to find 
general causes, to which one could ascribe the haimorrhage. Normal 
blood pressure, normal coagulation time, etc. These negative data 
corroborate the opinion that epistaxis of sinusal origin does not constitute 
a special entity, but that they take place spontaneous^ as those of the 
nose, the same predisposing or determining factors' such as ; season of the 
3'ear — temperature, barometrical pressure, etc. Stutz.^ 

The roentgenographic study has revealed an ob\dous opacity of the 
affected sinus, in all the cases. Diaphanoscopy was complementarity 
carried out in some of them. In our patient, the degree of opacitj'’ 
revealed by diaphanoscopy was such as to arrest one’s attention. 

Interpretation differed vith the authors mentioned with regard to the 
opacity revealed by the x-rays study. Our serial roentgenograms, taken 
before and immediately after the removal of the content of the sinus, are 
verj' illustrative. One can see in them, that the intensitj^ of the shadow 
is due, in its greater part, to the clots within the sinus, since on their 
removal, the opacitj'^ disappears. However, a thickened mucosa shadow, 
persists, an unequivocal e\’idence of its pathologic changes, a finding that 
agrees with the data obtained bj"^ other authors, and who find that the 
removal of portions of the mucosa show marked h3'perplastic changes. 

Hall and Thomas do not believe that hfemorrhage may be due to 
rupture of some of the newty formed capillaries in that process of the 
mucosa. We agree with them, for we have obtained, objectively, the 
impression that blood comes from a great vessel. 

The fact that in almost all the instances it is possible to discover h3'pc‘r- 
plasia and thickening of the mucosa, makes these authors say that this 
hcemorrhage may constitute an occasional complication of hyperplastic 
sinusitis. We support this idea, taking into consideration the results of 
our roentgenogram, and also because for a long time, we have accepted 
as of sinusal origin the presence of blood in the nasal secretions, most 
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Radtograph No 2 

Immediately after the antral washing The sinus is clear shoiving a thickened 
membrane 
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When the existing lesions make it necessary, one may even go so far as to 
remove the mucosa completely. ' 

With regard to those measures of a general character, they are but the 
routine ones of any case of haemorrhage. Coagulants of local and of 
general action ; restoration of blood volume, when great loss has 
occurred (serum given intravenously; transfusion); sedatives of general 
action, etc. 

Summary 

One case is reported, endeavouring to illustrate the possibility of some 
peculiar kinds of haemorrhages having their origin in the paranasal 
sinuses, and contributing in this way to their better manipulation and 
treatment. 

We present the case of a patient in whom profuse haemorrhage had a 
sudden origin as well as an abrupt termination ; no evidence of the 
nasal bleeding vessel was possible. Puncture of the maxillary sinus on the 
bleeding side, permitted some dark coloured clots to come out, whilst 
lavage and elimination of all coagulated blood within the sinus, relieved 
him of his subjective discomfort, and arrested haemorrhage. 

From this, we gathered that washing constitutes a simple and effective 
therapeutic measure that would advantageously replace surgical explora- 
tion of the sinus, making this last procedure unnecessary. 

There also occurred a very interesting feature, the presence of a 
bluish content within the tympanic cavity, which we term "acute blue 
ear drum ”, contrasting with the chronic developrhent blue tympanic 
membrane, described already by other authors. In our case, its occurence 
was possibly due to..blood entering the tympanic cavity via Eustachian 
tube, and coming out afterwards by the same route. 
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of all m the course of subacute processes with abundant secretion When 
a patient tells us that he has a cold of long standing, and that the secretions 
in his handkerchief stain it with blood wh'ch assumes a stnated shape, we 
question him carefully, to estimate whether he has a true acute or 
subacute sinusitis , and even in the al sence of data confirming our 
presumption, we deal with our patient as though he really had a sinusal 
affection 

There still remams a point to be elucidated Would it not be possible 
for the blood, instead of onginatmg in the sinus, topenetratemto it through 
the ostium, due to packing, being thus tnilj of intranasal origm 
The ansuer to this question becomes doubtful and obscure due to lack of 
reasons of real value Against this penetrafion is the static strength of 
the air within the sinus, which must be displaced in a proportional 
\olume to that of the blood penetrating it Furthermore, in all the 
cases described, there is an hyperplastic process of the mucosa narrowing 
the ostium and dimmishing its calibre and making it less permeable 
Notmth standing these as well as other rca'^ons that could be quoted, We 
thmk that penetration is possible, as happened in our own instance, in 
which blood passed doivn to the ear through the Eustachian tube, to give 
the peculiar appearance of the ear drum wc wish to term acute blup 
EAR DRUM® due to the particular circumstances of its appearance and 
disappearance 

With regard to treatment the majority of authors have operated on 
these cases, opeiung the maxitiary sinus Co arrest hemorrhage HsU and 
Thomas have operated on their first ten patients, but m the remainmg two 
cases, they contented themselves with wash onts Results were excellent, 
so that they regretted operating on the first cases, which might possibly 
have done well by simple puncture and washing We have followed this 
form of treatment in our case, with such excellent result that as we have 
just said, not even the failed antroscopy ps^voked the repetition of 
luemorrhage 

Besides these measures, it is very useful in these cases to apply an i(;e 
bag that soothes pain and contnbutes m prevent rg the repetition of 
hemorrhage 

After washing, the cavity of the sinus may be fiUed with a local action 
coagulant 

Anterior nasal packing and in case of failure of this an antero posterior 
tamponing, may be useful We do not use anj kind of packing except 
in those cases in which other measures and attempts fad to arrest 
bleeding Tamponing causes trauma, is painful, the patient does not be^r 
it well, and in many cases its removal, unless done with extreme care 
unseals the blood vessel and allows the bleeding to occur again 

When all these measures have failed, it remains for us to open the sinus 
in order to determine with ace tb' ml that bleeds and to treat it 
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When the existing lesions make it necessary, one may even go so far as to 
remove the mucosa completely. ' ■ ; 

With regard to those measures of a general character, they are but the 
routine ones of any case of haemorrhage. Coagulants of local and of 
general action ; restoration of blood volume, when great loss has 
occurred (serum given intravenousty; transfusion); sedatives of general 
action, etc. 

Summary 

_ One case is reported, endeavouring to illustrate the possibility of some 
peculiar kinds of haemorrhages having their origin in the paranasal 
sinuses, and contributing in this wa}'^ to their better manipulation and 
treatment. 

We present the case of a patient in whom profuse hemorrhage had a 
sudden origin as well as an abrupt termination ; no evidence of the 
nasal bleeding vessel was possible. Puncture of the maxillary sinus on the 
bleeding side, permitted some dark coloured clots to come out, whilst 
lavage and elimination of all coagulated blood within the sinus, relieved 
him of his subjective discomfort, and arrested haemorrhage. 

From this, we gathered that washing constitutes a simple and effective 
therapeutic measure that would advantageously replace surgical explora- 
tion of the sinus, making this last procedure unnecessary. 

There also occurred a very interesting feature, the presence of a 
bluish content within the tympanic cavity, which we term "acute blue 
ear drum ”, contrasting with the chronic development blue tympanic 
membrane, described already by other authors. In our case, its occurence 
was possibly due tojjlood entering the tympanic cavity via Eustachian 
tube, and coming out afterwards by the same route. 
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CLINICAL RECORD 

CAVERNOUS SINUS THROMBOPHLEBITIS— A REPORT ON SIX 
CONSECUTIVE RECOVERIES 

B> J L REID and F McGUCKIN (Ne^^ castle on Tyne)* 

In presenting records of six consecutive recov'eries from cavernous sinus 
thrombophlebitis, our purpose is to illustrate the revolution in prognosis 
effected bj modern methods, to review certain aspects of the condition, partic 
ularly the diagnosis and to discuss therap3^ That the cavernous syndrome 
IS but one manifestation of cranial thrombophlebitic pathology is fully realized, 
but it can conveniently be compassed within the limits of a single paper, and 
it does represent an entity of previously grave prognosis Therefore all 
thrombotic cases not involving the cav emous sinus, though managed on similar 
therapeutic lines, have been excluded 

Gases 

The case material consisted of six patients admitted between December ig43 
and December ig45 

Case I 

Bilateral Cavernous Sinus Thtombophlebtits Female age 3 

Admitted to Ear, Nose and Throat Department on 16 12 43 At the risk 
of confessing an error, it must be admitted that the child was seen by one of us 
and transferred to Professor Spence's ward as a case of suspected nephritic 
oedema following suppurative otitis media 

17 12 43 Seen by one of us in consultation with Professor Spence and 
Dr Brenda Morrison ' Diagnosis of cavernous sinus thrombosis following 
acute ear with lateral sinus thrombosis, reaching cavernous vtd supenor 
petrosal Much too ill for any surgery " Child moribund Temperature 
101° Pulse 124 Rigid neck Bilateral ophthalmoplegia with gross proptosis 
of right side Sulphathiazole and intravenous drip therapy had already been 
instituted 

20 12 43 The physicians advised us that if there were to be any surger) 
it must be now or never A right simple mastoidectomy was performed and 
suppurating thrombophlebitis in lateral and superior petrosal sinuses located 
and drained It is important to note that the child had been preserved thus 
far and indeed improved enough to make surgery at least a proposition, by the 
most careful medical and nursing care 

The next two months showed a slow recovery, very stormy at first Com- 
plications were numerous — VI nerve paralysis , pneumonia whooping 

♦From the Ear Nose and Throat Department, Royal Victona Infirmary, Newcastle on 
T% ne 
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cough ; primary pulmonary tuberculous complex. Further surgical treatment 
included negative exploration for orbital abscess ; right eyelids sutured twice 
to protect cornea ; tonsUs and adenoids removed some months later. 
Therapy 

Intravenous plasma 500 c.c. plus 400 c.c. and saline 500 c.c. ; blood trans- 
fusion 500 c.c. Sulphathiazole total 48 grams in the first 11 days giving a 
blood level of 6-8 mgs. per 100 c.c. during the period of grave iUness. 
Penicillin was not available. 

Vide Photographs. 

Case II. 

Right Cavernous Sinus Thrombophlebitis. Male age 16. 

Admitted 27.1.44. Stye on right eyelid 8 days ago which had almost 
cleared up. Swelling of both eyelids 2 days ago. Severe frontal headache 
and vomiting. Drowsy on admission. Speech slow but coherent. Tempera- 
ture 97-2°. Pulse 64. Right eye protosed and eyelids severely swollen with 
chemotic conjunctiva protruding. 4 grams of sulphadiazine given at once, 
followed by two grams of sulphathiazole 4 hourlj^ later given intravenously. 

28.1.44. Severe headache. Frequent vomiting. Stiff neck. Kemig-}-. 
Deteriorating. Comatose at times. 

29.1.44. Improvement in condition. Thereafter notes are scanty, but 
by 3.2.44 he w'as clearly doing well. At this stage e5'e movements were still 
markedly restricted but the ophthalmologists regarded this as mechanical, 
not paretic. 

22.2.44. Discharged — very well. 

Therapy 

Sulphadiazine and thiazole, bj'^ mouth and intravenously, totalling 48 
grams mthin first 68 hours. After 8 days he had received altogether loi grams 
and the blood-level had varied between 4-4 and ii-6, but was chiefly main- 
tained at 8-10 mgs. per 100 c.c. Intravenous salines and glucose-saline were 
employed but no plasma or blood. Penicillin was not available. 

Case III. 

Bilateral Cavernous Sinus Thrombophlebitis. Male age zi. 

Admitted 1.5.45. 8 days ago noticed a spot inside left nasal vestibule. 
Nose quickly became swollen. 2 days ago left eye began to swell, soon followed 
by right swelling. Put on chemotherapy by practitioner. 

On Admission 

Gravely ill. Temperature 99-6°. Pulse 100. Marked dusky cyanotic 
swelling of nose and eyes, extending to forehead. Proptosis of both eyes and 
slight chemosis. Intramuscular penicillin and intravenous saline set up at 
once and sulphadiazine begun in 2-gram doses. Soon after admission semi- 
comatose. A welchii complication was suspected on clinical grmmds but not 
confirmed until later. 

3.5.45. Local cyanosis less, but swelling extended to mouth and both 
mastoid regions, particularly right. Both ej^es grossly proptosed and chemosed. 
Anti-gas gangrene serum given tudce daily. Seen b}^ Jlr. J. S. Arkle whose 
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report ends ‘ I should consider this a case of ca\emous sinus thrombosis 
Some blebs had formed on the nose end A specimen of the fluid m these 
blebs reported on by Dr Slade as follows — *' aerobic culture — staph p 
aureus, anaerobic — Gram-f, gas formmg, sporulatmg bacillus, Bwelchii 
type 

4 5 45 Clear improvement in all respects Intravenous therapy dis 
continued 

25 5 45 Developed complete nght \r[th nerve paralysis 

4645 Left hospital Very well The nght abducent paralysis recovered 
in 2-3 months 
Therapy 

Intravenous salmes 72 hours Penicdlm by intramuscular dnp 700,000 
units m 7 days Anti gas gangrene serum 240,000 units m 4 days Sulpha 
diazme 57 grams m 7 days, the highest blood level recorded bemg 8 4 mg 
per 100 c c 
Vo/e 

The delayed onset of abducent paralysis is mterestmg The presence of 
gas forming organisms was confirmed 
Vide Photographs 

Case IV 

Right Cavernous Stnus Thrombophlebtits Female age 54 

Admitted 6 10 45 
History 

Septic spot below nght eyebrow began 72 hours ago Rapid swellmg 
developed Semi coma wth Temperature 104® sixty hours after onset 
On Admission 

Temperature 103 2® Pulse 120 Extremely ill Answers questions on 
rousing but seems hardly conscious of havmg done so Right eye closed by 
firm purple coloured swellmg of upper lid Gross proptosis and chemosis 
Sulphathiazole 12 grams before admission Sulphadiazme and penicillm 
begun 

7 10 45 Swelling of eyelid sbghtly less, otherwise local condition no better 
— chemosis in fact worse Patient really aware of suiroundmgs for first time 
in 4 days In the late evenmg she agam became irrational Unne output 
poor Occasional mcontmence 

8 10 45 Unne output poor Sulphadiazme blood level 19 5 mg per 100 
c c and drug discontmued for 24 hours when level was 6 8 mg jNIore rational 
Chemosis still severe 

9 10 45 Improvement now clear and consistent Discharged 24 10 45 

Therapy 

Sulphonamides mterrupted after 27 grams m approximately 100 hours 
because of failmg unne output and excessive blood sulphadiazme level of 
19 5 mgs After 24 hours sulphadiazme was contmued and a further 46 grams 
given in 9 days making a total of 73 grams m about 14 days The second 
course of the drug mamtamed a blood le\el of 8 9 mgms per 100 c c Peni 
cillm 100,000 units per day by 3 hourly mtramusciflarmjection in first 48 hours 
Thereafter 150 000 imits per 24 hours for 8 days Total 1,400,000 units m 10 
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BBBaaBBaB'iBB«aB^aB«aBrianaaaBiaaBtaar8A8Bai<atiaBaaaatviBatiaBf 
aaaBaaaaBAaataBvaaaaBiB'iaaaiBBBaiaB'iBBBaaHBraaaaBaBkiaB'i — ' 
aaaaflaBaifflavuaBaMaaatafaaaia.taaaBBifavBB ifl«aaa««aatsB« 

aaBBaaBai'BBuaBaBii'fBaBaaBBBaBBv(BBia«tuRiiBB«BB«Baaf*a«BaaaBR|> 
i»BMi»«aw»aM8aBBfljaR8a.r.aBa»aaBBaiBaaw»MBaaaaaBBaA»BaBBaBBK 

iaaBaaBaaBaBaaa8aaa«:iaaBaBaBi>BaaiaaarBaBaBKBaaa;iBatBaaar 

aBaaaBaBiaaaaBBBaaaaBaBBBaBaaaf ■Bi'BBaBBuaaBara'iBaBaatiiBBi 
’~'*'~'“**“*'*~raaa«Baa«aBaaa8aaaaaaiiBBMaaaaaaaaaafl«taaaaaakVaaat 
i«8Ba8aa8«aa«aBaaBaaa«B8Baa«auBBaBBB«aaaa«awaBaB 


[laaaBBaBBaBaaBaaBaBBBBaaaaaaBaBaaaaaaaaBaaaaaaBaaaaaaaBBaal 

‘‘^aBaBaaaaaaBBBaaaaaaBaaBBaBaBBaaaaBaBaaBaBaaaaaaaaaaaaBBBal 

-. aBBaaaB aaBBaaaaa aa««a a«««aa»aaBaa»»«aBa aBaaBa BaaaaaBaaBaafc 

a«»gtgat;aiaagaaBgggfiaM«c>?gB»!!tffaftg 


BaaaBaBnaB 

4BaBaaa,}aaaaaa8BBaaaaiaaBaaaBaaaaBaaB8aaaaiaiii-.^ 

saaaaBMiaaaaaBaBaaaBB BaaaBBBaaaaaaaaaaBaaaanBaaaaaaBaaBBal 
MaaaaaaiwBfaaaBBaaaaa aaaaBaBaaBaaaBaaBBBaaataaaaaaaaBBaBaf 

. RaaBBaBRRBBaaBBaaBaiiaaiaBaaaaaBBaBaaa 
; BaBaaBBaBaaaaafraaBai/aaaaaBBaaaBBBBBaa 
I BaaBBaiaaaaaBiraMBBBftaaaBaBBaBaaaaBBal 
I aaBBBaBBaBBaaBBiaaaiiBBavaaaaaBBBBBBBi 
I ■aaBBBBBBBBBC.BBI BBB laaB l■■■■■■■■■■a■t 
I BaBBBBiBBaBBnaaaBBB iBaaiiaBBBBBBBaBaar 
I BaBRBBBBaaaa aaBB laaBaaaiiBaBBaaaaaBaal 

BaaBaaBaaaBaaaBti.iiaaBrBaBBBaMBBaBMaBaaBtfaaBBBBBaaaaaaaBaBl 
""-aBaaaaafaaaB'inwaaaaBB^aBKaaBaAaaaaaaiaaaaaBafaaRBaaaaBf 
“'“-“'BBaBaaBaaa.'iaaaaBPBlaBimav.BaBaaaB^jaBBaaBBnaB^aaBBBBl 
„-„-aa»^BaBBBaaaaaaB iTaaiBiaiB'iaaaaaBBaaaaaBBB'iBBiaaBBaai 
RaaaaaBiiSBaaaaaaaBBBk'.BY a ia iB;:::r.aaaaaBaBBa vbb8b t aivaaRBanai 
— ’‘-aRB»i«nBaBa 8 B«aaBMB»:<atiBiBwwRBa 8 aaa«BB 5 sBaa.tat: 3 jBta 8 Baat 


■■■■■aaiwBBaaavaaaaiB 
aaaBaaaiaaBBBaaBaaBi a, 
^■■■•■■« aBaaBaaBBaat mi ■ 
gaaaaaaa aaBaaBaBBaai ai 

u- iBBaaaaaaBj 

iBaaBaamiat 

BBaBBBaiaaiaBaaBafli’tiai 
iiaBaaaa aaBaaaaaaa ai wi 
HaBBaaaBBBBaBBBHBaa lai 


»ssss;s;s:s;»:sKSK::s:: 8 !:sH:»K: 8 Ksssssss:uisssssE 
iSSSSKS’jSKfiSSSSSKSSSKSSKSKSHSSKSiSBKSiSiSSSSSSE 

jBBBaBBa«««H(-.aBaaaaBaBa 8 B 8 BB«BaRR 8 a 8 a 8 aaaa 8 B 5 aaaS 5 aaaBflBaali 
BBBBBBaBaaBBiiBaaBaaaaBBBBaBBBaBaaBaBaaaaaaaaBaaaBaBaBaaaaaF 
MaaaaaBBBagBHaBaaaaBBBaaBBBaBaaaaaBaBBBBBaBBBBaaaaaBBaaBBBl! 
KaBaaaiBBaBfaaaBaaBaaiaaaaaaBaaBaaaaaaaaaaaBaaBaaaaaaaBaaa^ 
MBBBaaaBaaaiaaaaBBBaaaBBiiBBBBaBBBaaRBaaBBBBBBaaBBaaaBaBBaBi 
tf »aaaaaBaa»BB aaBaaaaaaaaaaaaBaaaaaaBaaBBaaBaBaBaaaaa BBBBBafc-^ - 
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Case VI 

4 days after admission 




Clinical Record 

days This patient could be roused throughout and intravenous therapy was 

not required 

Comment 

This case illustrates the need for routine precautions in all sulphonamide 
therapy even when the dosage is not out of the ordinary 
Vide Temperature Chart 

Case V 

Bilateral Cavernous Sinus Thrombophlebitis Female age 33 
Admitted 24 ii 45 
History 

Developed small boil on right tragus 5 daj's ago Felt ill two days ago 
Two rigors yesterday Red swelling of nght eyelids began 24 hours ago 
On Admission 

Temperature 102 ‘6® Pulse 124 Ver^' ill but fairly rational if roused 
Right eye — severe swelling both eyelids, gross proptosis and chemosis, ejc 
fixed Left eye — moderate oedema, restricted mo\ements Small infected 
lesion nght tragus Put on 3-hourly intramuscular penicillin in dosag^e of 
12,500 units Sulphadiazmc by mouth 

25 IX 45 Irrational Forehead oedematous and cyanotic Both eyes 
fixed Rigid neck Penicillin dosage increased to 25,000 units 3 hourlj 
Glucose-saline-sulphathiazole dnp put up 

26 II 45 Irrational Eyes closed, herniating chemosis Forehead plum- 
coloured. Turbid CSr with 118 leucocytes per cmm 50,000 units 
penicillin intrathecally 

28 II 45 Drowsy and irrational but slightly improved 

Ckxir rrteatsily Lmd }ass 

10 12 45 Both eyes well open Merely red conjunctivae Doing well 
28 12 45 Home Very well 
Therapy 

Systemic penicillin 3,000,000 units in 22 days Intrathecal penicillin 
150,000 units given in 3 doses of 50,000 units in 2 c c on 3rd, 5th and 6th 
days after admission Anti-gas gangrene serum 16,000 units day after 
admission Sulphathiazole and sulphadiazme by mouth and mtravenousl} , 
55 grams m 7 days Intravenous saline and glucose saline on 3rd, 4th and 
5th days after admission 
Vide Temperature Chart 

Case VI 

Right [and possibly Left) Cavernous Sinus Thrombophlebitis Female age 20 
Admitted 30 ii 45 
History 

"Small spot” o\er right temporal fossa 9 days ago Next day right 
eyelids swollen and blue Left eye involved 2 days later Her doctor gave 
her 12 grams of some sulphonamide which the girl took within 24 hours No 
further therapy during past 4 days 
On Admission 

Temperature loo® F Pulse 88 The condition was the most arresting we 
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■have ever seen. The whole face from the lower eyelids upwards was grossly 
swollen and purple in colour, and both eyes proptosed ; and yet through this 
dusky colour every vein over the whole area was strikingly outlined by almost 
black thrombosis, the appearance being rather like blue-black roads outlined 
on a purple map. Blind, unless the eyelids were forced open, when severely 
chemotic conjunctiva escaped, sight was in fact normal in each eye. In spite 
of this the patient's cerebration was normal, she had neither ache nor pain, 
and took food and drink with satisfaction when administered. The remains 
of a small spot or superficial abrasion were found in the skin of the right 
temporal fossa. Systemic penicillin 200,000 units per 24 hours and sulpha- 
diazine therapy started, the latter in 4, 2, i gram doses to begin with. 

1.11.45. We were able to watch the gradual retrograde thrombosis of the 
right angular vein on this day. 

2.11.45. CEdema slightly less. For some reason not recorded in notes 
sulphonamide was stopped pending a blood level. Next day this was only 2-2 
mgms. but the drug was not restarted. 

3.12.45. Two pustular areas formed in thrombosed veins near hair-line. 
Quite a number of these developed later beyond the hair-line and, over the 
whole area involved, the patient went bald for some weeks. Cultures from 
these thrombophlebitic suppurations yielded staph.p.aureus. 

4.12.45 and subsequently — clear improvement. There was never any real 
anxiety with this case (which had indeed earlier been an ambulant case of 
extensive thrombosis) although the temperature remained unsteady for three 
weeks. 

10.1.46. Home. 

Therapy 

Sulphadiazine 18 grams in first 52 hours. Systemic penicillin 3,400,000 
units in 22 days, beginning with 200,000 per 24 hours, later reduced to 100,000. 
No intravenous therapy. 

Vide Photographs 

N.B. — Photographs were obtained not when desired but when it was possible 
as the dates will show. 


Canons of Diagnosis 

Twenty years ago Eagleton (1926) laid down six criteria as necessary to the 
diagnosis. These were reviewed 15 years later by LeRoy A. Schall (1941) and 
we think it useful again to consider the points seriatim with comment on each 
based on our experience of the present series and numerous cases in the past. 

I. Known Site of Infection. 

In the present series the known sites were ; otitic lateral sinus thrombosis — 
X case ; styes — 2 cases ; furuncles — i tragal and i nasal ; “A small septic 
spot ” — r case. These lesions include most of the common causal factors. 
The present series showed no instance of peritonsillar origin, but past experience 
has yielded 4 such cases. In almost 20 years there has been no case in the 
department of sphenoidal origin. We wotM stress that the known site of infection 
may be nothing more than a trivial abrasion of skin. Thereafter it needs only the 
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right type of coccus with a predilection for the formation of septic thrombo 
phlebitis, to start the pathological process 

2 Blood Stream Infection 

None of our cases \\a.s controlled blood culture, but some patients 
sho^\ed ample clmical e\ idence of septicanua A positive culture may be very 
satisfying academicallj , nhen it would indicate failure in mamtenance of 
protective clottmg, but our opinion is that a negative result would not 
negative the diagnosis 

3 Early Signs of Venous Obstruction 

This may be considered a sme qua non and most patients show much more 
than this, eg "mapping out ** of thrombosed veins in case VI However, 
even before there is evidence of significant cedema there may occasionally be 
visible the spread of clottmg along a vein, in which event activemeasuresshould 
begin at once We regard not only proptosis, but also chemosis as necessarj 
to the diagnosis 

4 Involvement of Nerves in the Sinus 

This point is open to cnticism because in so many cases fixity of the eye can 
be explained by mere cedema and displacement, though we have seen examples 
of true paresis, eg Case IV in which paresis was delayed A reacting pupil 
IS no bar to the diagnosis 

5 Neighbourhood Abscess of Soft Parts 

If this ever was a necessary canon, it no longer holds good Modem 
therapy should aim at prevention of abscess formation both inside and outside 
thrombosed v eins , m the past many cases died without a visible " neighbour- 
hood abscess ” 

6 Symptoms of Complicating Disease 

Complications, for example menmgeal and metastatic, still occur but are 
unnecessary to the diagnosis, as these are frequently preventable with the 
means now at our disposal 

In presenting the case matenal as the evidence for judgment of the accuracy 
or otherwise of our owm canons, we suggest a different and much less rigid 
approach to the diagnosis Armed with the pathological principle that caver- 
nous sinus involvement is merely an extension of a disease process already 
begun in less vulnerable sites, the e'^enenced clmician will judge his case on 
the gravity of the patient’s condition, actual or impendmg on the mcreasmg 
orbital oedema, the appearance of proptosis, and especially of chemosis , 
on the mcreasmg fixity of the eye whether this be mechanical or paretic 
Other features may add detail to a picture already sufficiently plain — visible 
or palpable thrombosed veins, local cyanosis, meningitis, septicemia, meta- 
static spread, and so on And m case of reasonable doubt an appeal to one s 
colleagues especially the ophthalmologists, will enforce objective criticism 
In parenthesis it may be pertinent to note that our successors may become 
more and more dependent on past necropsy records m order to picture the 
living pathology of these lesions 


279 





Clinical Record 

convincing evidence that better results are being obtained with penicillin plus 
heparin, than with penicillin alone, and there are added dangers with heparin ” 
even though this particular remark was applied to bacterial endocarditis and 
not to cavernous thrombophlebitis 
Intravenous Therapy 

In Case I, salines, plasma and blood were given entirel}. at the discretion of 
Dr Brenda Morrison In the remaining patients intravenous N-salines and 
glucose 1/5 N-salines were used whenever coma or lack of co operation 
threatened the fluid balance, but not othenvise Under these conditions 
sulphonamides were giv en via the drip 
Anti Gas Gangrene Serum 

In these and similar cases we have used this serum when gas-mfection "as 
suspected, as we think it should be where facial swelling and Iiv'id discolora- 
tion are extreme Two of the present senes recei\ed it, and m one the infection 
was proved 
Nursing 

We cannot stress too strongly the need for devoted nursing care, for v\ itPout 
the co-operation of the ward staff adequate therapj is impossible 

Summary 

Six consecutive cases recovenng from cavernous sinus thrombophlebitis 
are presented to illustrate the change m prognosis 

The canons of diagnosis laid down by Eagleton 20 years ago are reviewed 
in the light of current expenence 

The therapy employed had been presented m detail and discussed in general 
Conclusions 

Without suggesting that cavernous sinus thrombophlebitis has ceased to 
be a grave lesion, it is clear that the prognosis has radically altered 

Intensive modem therapy, preferably combining sulphonamides and 
penicillm, is justified even when the case by previous standards appears 
hopeless 

We record our appreciation of Professor Spence's wise guidance, and of 
Dr Brenda Morrison's admirable medical care of Case I, which was nursed in 
the Child Health Department , and of the assistance of our biochemical, 
ophthalmic, bacteriological and Ear, Nose and Throat colleagues. Dr Freda 
Herbert, Mr J S Arkle, Dr J H Slade, and Mr R G Hughes 
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CLINICAL NOTES 

VASOMOTOR RHINITIS— TREATMENT BY SUBMUCOUS INJECTION 

OF PHENOL 

By MORTON MARKS (London) 

The terms vasomotor rhinitis and allergic rhinitis are regarded by most 
authorities as synonymous. In practice however, two distinct clinical pictures 
present themselves in this type of case. There is the patient whose main 
sjunptoms are those of alternating nasal obstruction and attacks of sneezing, 
usually without any seasonal variation. On examination his nose presents 
a reddened congested appearance with the inferior turbinates swollen and 
elastic. These cases are unassociated with eosinophilia and are in the category 
which should be classified as vasomotor rhinitis. 

Patients coming into the group classified as allergic rhinitis very often give 
a seasonal variation or periodicity to their symptoms. These are mainly 
rhinorrhoea, sneezing and nasal obstruction. The nose in these cases presents 
a pale, stippled and sodden appearance, often associated with pol3'posis and 
true hypertrophic areas. Eosinophilia is always present in these cases. The 
astiological factors in both types are similar, but for the fact that in the vaso- 
motor cases it is rare to find any underlying allergic factor, and therefore 
attempts at desensitization are largely unsuccessful. In the allergic types an 
underlying allergen is more frequently discovered and thus in a certain number 
of cases desensitization is of great value. 

Choice of Gases 

It is important to make a distinction between the two types of cases, for as 
will be shown, the results of treatment vary in each type. The cases selected 
for injection treatment were of both types, in which all other forms of treat- 
ment had been carefully carried out but were unsuccessful. Such previous 
treatment consisted of : — 

(i) Skin testing the patient and if found sensitive to any specific substance, 
a subsequent course of desensitization was undertaken. 

(ii) A nasal spray of i per cent. Ephedrine in normal saline t.d.s. 

Ephedrine h grain t.d.s. by mouth. 

Calcium gluconate 30 grains t.d.s. by mouth. 

(iii) Linear cauterization of both inferior turbinates and local cauterization 
of any hypersensitive spots in the nose with the galvano-cautery. 

(iv) A course of zinc ionization to the nose. 

This treatment was carried out in progressive stages in the order shown 
above, recourse to the next stage being undertaken only after adequate trial 
and subsequent failure of the previous stage. Thus it is seen that only very 
resistant cases were chosen for treatment. 
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Method of Treatment 

The solution used is a 5 per cent, solution of Phenol in Arachis oil. A 5 c.c. 
syringe preferably of the Labat pattern, %vith a long wide bore needle, is em- 
ployed. The anterior end of the inferior turbinate at the proposed point of 
entry of the needle is painted \vith cocaine, just sufficient to render the injection 
painless without causing contraction of the swollen turbinate. The needle is 
.thrust deeply into the cavernous tissue of the inferior turbinate as far as the 
posterior end. Whilst slowly withdra%ving the needle, 2 c.c. of the solution 
are injected. The injection is quite painless and no^ after-effects are experi- 
enced. It is repeated on the other side. Some slight hasmorrhage may occur 
as the oily mixture temporarily prevents clotting. After an adequate injection 
the inferior turbinate should appear blown up and completely fill the lower 
part of the naris throughout its whole length. The injection may have to be 
repeated again a week later. 

The rationale of the treatment is really palliative to the main symptom of 
nasal obstruction and rhinoirhosa. By depth injection the vascular bed of the 
inferior turbinates are largely sclerosed, ■with consequent diminution in fluid 
transudation and great reduction in size. The main advantage of the method 
over the surface galvano-cautery being that the mucous membrane is not 
destroyed and is given the chance of resuming its normal function. A week 
after the injection, the turbinate appears shrunken and of normal consistency 
without any scarring or destruction of the overlying mucosa. 


Report ol Gases 

Case i. 

Male aged 38. Occupation — General Fitter. 

First attended complaining of nasal obstruction and anosmia for 10 years. 
Examination showed him to come into the classification of vasomotor rhinitis. 
Complete course of treatment referred to above produced no improvement. 
After 2 injections at one week’s interval of 2 c.c. of phenol into each turbinate 
the sense of smell had returned and the nasal congestion had entirely 
disappeared with restoration of a good airway. 

Case 19. 

Female aged 32. Occupation — Tailoress. 

First attended in October, ig44 complaining of nasal obstruction and head- 
aches for seven years. Classified as a vasomotor rhinitis and treated with the 
usual regime to no avail. 2 c.c. of phenol injected into each inferior turbinate. 
After one injection the general congestion had completely subsided with 
production of an excellent ainvay. The patient stated that she felt a new 
woman. 

Case 27. 

Male aged 26. Occupation — Machinist, 

Attended complaining of headaches, nasal obstruction and rhinorrheea. 
Discharged from the army on account of his symptoms. Examination showed 
the nose to be of the allergic type. Desensitization and other treatment was 
of no benefit. After two injections of phenol the sneezing and headaches had 
ceased, while the ainvay was considerably increased. 
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Results o£ Treatment 


Types 

Symptojnless 

1 

! 

Improved ^ 

No Improvement 

Vasomotor Rhinitis 

1 

23 (92%) 

2 (8%) 


Allergic Rhinitis 

! 

1 17 (68%) 

j 5 (20%) 

1 1 

3 (12%) 


From a study of 25 cases of each, type, it has been found that the results in 
the vasomotor cases were invariably excellent. In the allergic type 17 cases 
were rendered symptomless, 5 considerably improved, with only occasional 
return of symptoms and 3 were not helped at all. Each of these cases have 
been observed for a period of over 12 months after cessation of treatment. 

Subsequently over 100 further cases have been treated, but these have not 
been observed over such a lengthy period Preliminary results, however, 
appear to confirm those recorded above. 

No claim for originality is made for the above method of treatment as a 
somewhat similar regime has been used in America and on the Continent. 
However it is rarely used in this country, and in view of -the good results 
obtained in cases, in which all other methods of treatment have failed, I feel 
that it warrants a wider consideration and a greater usage. 

Summary 

A report of 50 cases of allergic and vasomotor rhinitis treated by injection of 
phenol solution into the inferior turbinates is submitted. These cases were 
all resistant to other forms of treatment. Results were good, and demonstrate 
the value of this method particularly in difficult cases. 












CASE OF PERFORATING WOUND OF THE TRACHEA 
By K B BELLWOOD (Bedford). 

In May, ig 45 , a boy of 14 came to Hospital complaining of Dyspncea, and 
bnnging a bent and tom percussion cap originally belonging to a cannon-shell 
case 

Half an hour previously he had been trying to prize out the cap fron^ the 
shell case, which he had fixed m a vice While hitting it with a chisel and 
hammer, the cap exploded and shot straight into his neck, inflicting a small 
round bruised wound m the mid line immediately above the suprasternal 
notch He choked and gave a violent cough, and spat up the percussion cap * 
On examining this, it appeared to be complete, if much distorted The 
boy was slightly blue, with a definite dyspnoea and there was surgical 
emphysema over the front of the neck 

On being X-rayed, no foreign body was found m the neck or chest, but he 
had a well marked pneumothorax on the left side We were at a loss to 
explain this, unless the violent cough had ruptured some old lung lesion 
As his condition was rapidly becoming worse and the emphysema had 
reached the costal margin, a Tracheotomy was done There was a small 
sucking wound of the trachea, almost exactly mid-line, involving the 2nd ring, 
and by extending this downwards a tube was easily introduced 

The boy made rapid recovery, the tracheotomy tube being removed in 
48 hours, and the emphysema cleared in about a week , the pneumothorax had 
cleared when he was examined four weeks later ^ 

The low level of the wound would be explained by the involunta^ extension 
of the head at the time of the explosion The most remarkable point in the 
case IS the coughing up of the cap , it must have hung momentanly in the 
tracheal wall, to be dislodged and expelled by the cough 
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SOCIETIES’ PROCEEDINGS 


ROYAL SOCIETY OF MEDICINE— SECTION OF 
LARYNGOLOGY 

March 1st, 1946 

President — G. Ewart Martin, F.R.C.S.Ed. 

Discussion on Idiopathic Recurrent Laryngeal Nerve Palsies 

Maxwell Ellis ; The terms of reference restrict this discussion to about one- 
quarter to one-third of all cases of recurrent laryngeal nerve paralysis — a figure 
common to a number of statistical surveys of which the more recent are by 
New and Childrey (1932), Smith, Lambert and Wallace (1933), Work (1941) 
and Suehs (1943). The cases represented are drawn from widely different 
areas in America and Britain, and this agreement in incidence of a disease of 
unknown setiology is remarkable and may indicate the constant presence and 
effect of some unknown, or unsuspected, disease process. The absence of 
any gross or demonstrable lesion has stimulated speculation. The most 
popular conception ascribes the condition to an insidious invasive peripheral 
neuritis secondary to some circulating toxin, or to a vitamin deficiency, or to 
rapid change in temperature. I fancy that glandular dyscrasia and allergy 
could be added without fear of contradiction. However, it is fair to mention 
that Alcantaro and de Ocampo (1939) investigated the larjmges of 37 infants 
suffering from beri-beri and found in 31 cases a partial or complete paralysis 
of a vocal cord. They believe that irritation of the recurrent laryngeal nerve 
occurred, followed by degeneration, and dismissed the possibility that pressure 
on the nerve due to the associated cardiac enlargement might have been 
responsible. These laryngeal findings are extraordinary, and have been seen 
recently in returned prisoners of war suffering from nutritional disorders. A 
few cases occurring during acute infections and after direct exposure of the 
neck to cold are recorded, but in the bulk of cases no such history is obtainable. 

Males are affected nearly twice as frequently as females, and the left cord 
nearly twice as often as the right. Both cords are involved in only 10% of 
cases, or even less. The first and second of these observations could lend some 
support to peripheral neuritis as a cause, since males are more likely to undergo 
exposure to both weather and infection, and the left recurrent nerve from its 
greater length is more vulnerable to adjacent disease. But, when all is said, 
the mere presence in this group of any case proclaims failure in discovering a 
precursory incident of setiological significance. 

Symptoms 

Hoarseness or a weak voice are the usual symptoms for which the patient 
seeks advice, and choking or coughing attacks may occur on deglutition. 

^ 6 . 
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Routine post-thyroidectomj laryngoscopic examination has shoum that one- 
third of ail cases of uniiateral paralj sis following the operation are sjTnpt omiess 
It therefore is likely that a number of idiopathic unilateral cases nev er come for 
examination and consequently are not recorded Bilateral paralysis is usually 
accompanied by dyspncea on exertion, or even at rest, and sometimes by stndor 
This gradation in s>'mptoms of impaired respiratory movements is a function 
both of the general build and occupation of the patient, and of the relative 
position of the vocal cords The former needs no special description, and the 
latter has probably received overmuch since the paper published by Semon in 
1881 The size of the glottic chink is the all-important and vital factor in 
prognosis 

Prognosis and Treatment 

Unilateral paraljsis occasionall> recovers spontaneously, but m anj cast 
the disability is slight, the prognosis therefore good, and treatment unnecessary 
Bilateral paralysis seldom undergoes a natural resolution, and it is the chief 
concern of the practical laiymgologist, as fatal asphyxia ma\ at any moment 
super\ene Prognosis, at the best, is uncertain, and. at the worst, disastrous 
These cases arc rarely of rapid onset, but they then present no problem as 
immediate tracheotomy is imperative When the onset is slower, bastv action 
IS unnecessary, but early decision is desirable if the patient is to return to 
anything like a normal existence For many years these cases have been 
treated by permanent tracheotomy, but such a permanent fistula has certain 
obvious disadvantages, although when properly constructed low down in the 
neck and properly managed it need cause only' minimal discomfort However, 
the patient almost invariably will exert the maximum pressure to nd himself 
of this disfigurement Earlier surgical approaches to the problem were first 
to restore function by nene anastomosis, and secondly to restore airway by 
excision of some of the apposed soft tissues Nerve anastomosis, usually 
joining the recurrent laryngeal to the descendens hypoglossi, has not proved 
entirely' satisfactory', as m late cases fixation of the cnco ary’tenoid joint and 
atrophied muscles are present Excision of portions of the true and false 
vocal cords was nearly always followed by the growth of obstructive scar 
tissue Following this same principle. Hoover {1932) performed a submucous 
resection of the vocal cords and soft tissues of the lary'nx, hoping to secure 
adhesion of the mucosa to the internal surface of the thyroid cartilage by firm 
packing This procedure has not been altogether successful Kelly (1941) has 
introduced a new principle by excising the ary'tenoid cartilage through a 
transthyToid approach, hoping {a) that the tension of the vocal cord would 
disappear, allowing it to fall away' from the mid line, (6) that the respiratory 
space left posteriorly by remov al of the cartilage and atrophy of the cut muscles 
would be obliterated by' scar tissue and remain permanent, and (c) that the 
position of the antenor third of the cord would be relatively unaltered pre- 
serving a serviceable voice He has performed this operation on a number of 
cases and finds that the result is functionally satisfactory' This orthopaedic 
principle was adapted from another introduced by King (1939 and 1940), who 
began by performing an arthroplasty of the cnco-arytenoid joint combined 
w ith a tendon transplant (using the antenor belly of the omo-hyoid) , and ended 
bv discarding the transplant and creating an arthrodesis of the joint with the 
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arytenoid fixed in abduction and external rotation. The approach is posterior 
after dividing most of the attachment of the inferior constrictor muscle to the 
posterior border of the thyroid ala. The posterior crico-arytenoid muscle is 
divided at its insertion into the base of the muscular process of the arytenoid, 
the crico-arytenoid joint is opened widely, and the arytenoid freed from the 
fibres of the interarytenoid muscle along its posterior border and body, and from 
those of the lateral crico-arytenoid along the anterior border. The vocal 
process is then encircled by a catgut suture which is drawn through the lamina 
of the thyroid cartilage and tied so that the arytenoid is fixed in abduction and 
external rotation. King found by experience that the best result was 
obtained by operating on only one side, but if there is sufficient airway the other 
side should be treated likewise. He also found that patients can both open and 
close the vocal cords, although the larger range of movement develops on the 
unoperated side. The cord on this side will frequently pass across the mid- 
line in phonation. He considers that these movements are due to the action 
of the cricothyroid muscles in increasing the antero-posterior diameter of the 
larynx, drawing the cords towards the mid-line. 

Most of the experience gained in treating bilateral recurrent nerve paralysis 
has been on cases following injurj' to the nerve, generally during thyroidectomy, 
as bilateral idiopathic paralysis is uncommon, but there is no reason why the 
same principles should not apply. My only personal experience of the Kelly 
and King operations has been on the cadaver, but the technique is not essentially 
difficult although one must be prepared to be painstaking in defining anatomical 
landmarks clearly, and in the precise placing of the anchoring sutures. 

Summary 

In idiopathic recurrent laryngeal nerv'e palsies no cause has yet been 
discovered, but peripheral neuritis is a possibility. Unilateral cases are 
accompanied by few symptoms, are of reasonabty good prognosis, and require 
no treatment. Bilateral cases are uncommon and always require some form of 
surgical treatment, of which permanent tracheotomj'- is the simplest. Recently 
operations on the arytenoid cartilage and crico-arytenoid joint have been 
devised, which are rational in conception, not especial^ formidable in technique, 
and reasonably successful in outcome. 
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Macdonald Critchley ; Perhaps I can best contribute to the symposium 
by discussing the phenomenon kno^vn as Semon's law and in particular its 
possible explanation. 
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In the German edition of Morell Mackenzie's textbook — translated and 
edited b} Felix Semon — ^\e find the following footnote “ m many cases 
in ^\hlch central or peripheral lesions unquestionably affect the whole nene 
(most frequently in cases of pressure upon the entire trunk of the recurrent 
laryngeal nerve m cases of aneuiysm of the aorta) the sjTnptoms of paralysis of 
glottis openers only are seen dunng life This proclnity of the fibres 

going to the abductors to be affected exclusively or long before the others, 
is \ery strange " 

It was indeed strange and quite unexpected But Semon had noted it m 
a senes of his own patients and had reported it at the Clinical Society of London 
in 1878 By 18S1 he had been moved to publish in the newly appeanng 
Archties of Laryngohgy, a paper — now a classic — under the elaborate title 
“ Clinical remarks on the proclivity of the adbuctor fibres of the recurrent 
laryngeal nerve, to become affected sooner than the abductor fibres, or e\en 
exclusively, in cases of undoubted central or penpheral injury or disease of the 
roots or trunks of the pneumogastnc, spinal accessory, or recurrent nerves ” 
But unfortunatelj he had been forestalled a few months before by 
Rosenbach, who upon the basis of a solitary case of carcinoma of the cesophagus 
had stated “ m compression of the trunk of the recurrent, the function 
of the abductors suffers first, and that of the adductors is implicated onlj 
later on " 

The eponymous term Semon's Law has rightly passed into medical termin- 
ology, though some Continental sticklers may continue to speak of the 
Rosenbach-Semon law, or even the Gerhardt-Rosenbach-Semon law 

With the passage of sixty years it is not surprising that cases should 
occasionally be reported which show themselves (or appear to) as exceptions 
to this law Perhaps it is a matter for wonder that the exceptions ha\e been 
so few But for this reason some — like the Chevalier Jacksons — would prefer 
to speak of Semon's rule rather than Semon's law , a distinction which might be 
regarded as a quibble 

Perhaps the majority of those exceptions comprise pseudobulbar laryngeal 
palsies, due to supranuclear lesions This at least is what Semon afterwards 
affirmed, namely in 1913, when he emphasized that his law only concerned the 
laiymgeal nerves from the nucleus downward Semon must, however, bear 
some of the blame for this misconception, for all his early papers on the subject 
referred to both peripheral and central lesions By '* central " Semon probably 
meant “nuclear" lesions, though most present-day neurologists might well 
assume these to refer to supranuclear locations 

An5^vay the point is a good one, and the fact remains, I think, that 
supranuclear affections of the nucleus ambiguous do not nccessanly behave 
according to Semon's law , e g in cases of pseudobulbar and progressive spastic 
bulbar paralysis, as shown by Collier Cntchley and Kubik, and others 

Later authors have read more into the law than Semon ongmally stated 
m that it IS now taught that with progressive affections of the recurrent 
larjmgeal nerve, the abductors are the first to be affected, while the tensors of 
the cords are implicated later, and the adductors last of all Or, m terms of 
the muscles involved, the cnco-arytenoideus posticus suffers first then the 
thyro-arytenoideus, and lastly the cnco arytenoideus lateralis The 
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arj'tenoideus, having a bilateral nerve supply, is not affected in unilateral cases, 
while in bilateral disease it is affected very late. 

Experimental physiologists have since shown that the law holds true for 
processes other than pressure effects or disease. Thus the adductor components 
of the recurrent laryngeal nerve have proved to he more sensitive than the 
adductor elements to such influences as drying (Risien Russell) and to freezing 
(Gad and Frankel). 

The many and diverse views that have at various times been proposed to 
explain Semon’s law may best be arranged in chronological order. 

Muscular hypofIieses.~{a) Abductor group requires a greater volume of 
blood (Claudberg). (b) Abductors differ in chronaxy from the abductors 
(Tarneaud). (c) Abductors early lose their excitability after death (Jeanselme 
and Lermoyez). {d) Adductors are mechanicallj' better placed than the 
abductors (Gowers), (e) Abductors suffer because the nutrient arterj- is 
involved (Robinson). 

Location of abductor fibres within the recurrens. — K more peripheral siting of 
the abductor fibres suggested (M. Mackenzie). 

Double innervation of adductor group.- — {a) From spinal components (Tissier). 
( 6 ) From superior laryngeal nerve (Cohen Tervaert). 

Abductor paresis is really an irritative adductor spasm or adductor contracture 
(Krause). 

Glottis-closure is subserved by a powerful cortical centre (Bosworth ; Risien 
Russell ; Horslej'). 

Abductor proclivity is an instance of a general axiom that extensors arc more 
vulnerable than flexors (Ferrier). 

Glottis-closure is phylogenetically an older function of the larynx than is the 
opening of the glottis (Negus). 

Some of the foregoing suggestions can be disposed of quickly. 

INIorell iilackenzie’s original idea was that the abductor fibres were disposed 
peripherally in the recurrens and were therefore sensitive to pressure. But 
Risien Russell later showed that the abductor filaments lie mesially and the 
adductor filaments laterally. 

The theory of double innervation is a plausible one, but is not supported by 
anatomy, though bilateral innervation of the arytenoideus is of course a factor 
which ma}' assist in maintaining closure of the glottis in unilateral lesions of 
the lar3Tix. The fact that Semon’s law applies to lesions of the vagus as well 
as the recurrent, and its occurrence in bilateral lesions of the larynx, are points 
against the theory of double (or bilateral) innervation. 

Spasm of adduction (rather than weakness of abduction) is a not unnatiual 
suggestion, and was at one time entertained by Semon himself. But subsequent 
experience rendered this idea unlikelJ^ (i) because the adductive process was 
observed at times to continue for years — far longer than nerve-irritation was 
likely ; and (2) because dissection of the laryngeal muscles confirmed a greater 
degeneration in the abductor set. Krause’s theor}- of primary neuropathic 
contracture of the adductor muscles was the basis of another prolonged con- 
troversy', and here again Semon was able to point out that when laryngeal 
palsies accompanied multiple palsies elsewhere in the body, loss of power, and 
not contracture, was the rule. 
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The role of the cortex as regarded as a possible explanation, and, supported 
by most careful experimental work by Risien Russell, Horsley and Semon 
himself, has never been really put out of court It ties up with the older 
conception of the dual role of the larynx, the adductu e elements being connected 
with phonation and the abductive elements with respiration The former was 
found to have considerable representation in the cerebral cortex, the latter 
having mainly a medullary hierarchy — though the circumstances differed 
slightly according to the kind and age of the animal studied 

Much attention has been paid to the idea that Semon s law is merel} part of 
what might be called Ferner s law, which states that in neurological disease the 
extensors of the limbs are always affected more than the flexors It was 
imagined that the limb extensors correspond with the laryngeal abductors and 
the flexors with the adductors Semon, however pointed out that to invoke 
a general law of extensor v ulnerability was merely to re state the problem and 
simply to postpone the explanation (Indeed the correctness of Terrier’s law 
IS open today to serious doubt) Semon made the point that both flexor and 
extensors of say, the lower limb subserve the same functions of posture and 
of progression while the adductors and abductors of the larynx serve two 
separate and distinct functions, namely phonation and respiration Secondlj 
abductor palsy is characteristic of organic disease and adductor palsy of hysteria 
whereas no such selectu ity occurs between functional and organic paralysis of 
a limb Lastly Risien Russell had found that after division of the adductor 
filaments of both recurrents, stimulation of the cortex would not produce anv 
inhibition of the abductors such as would be expected to occur m the case of 
true antagonistic muscles 

The brilliant researches of Negus have afforded what is so far the most 
satisfying solution to the problem of Semon 's law Far from subserving two 
functions as Semon taught, the larynx according to Negus has several, of which 
the most pnmitiv e is that of shutting off the air passages from the gullet For 
this purpose a sphmctenc muscle at the entry of the larynx was developed, the 
homologue of the adductor group Both phylogenetically and ontogencticaliv 
the glottis closers are the oldest structures in the larynx and presumably there- 
fore are more resistant than structures of later appearance and development 

Today this is perhaps the most plausible way of accounting for Semon 's law 
though one must admit that as an hypothesis it is not completely satisfying 
The sphmctenc conception of the larynx is perhaps an over-simplification 
Most sphincters — if not all — are endowed with a sympathetic as well as 
parasympathetic innervation, which is not the case in the larynx Further- 
more, the interpolation of the arytenoid cartilages and the division of the 
larynx into upper and lower compartments detract from the idea of a simple 
V alve like or sphmctenc action 

Nevertheless it is not unfair to regard the larymx as being made up of 
muscular structures of different ages, functions and degrees of vulnerabilitv 
Hence we are really back again m 1913 when Semon himself could only conclude 
that the earliest destruction of the abductors in progressive lesions implies that 
there exists an actual difference m the biological composition of the laryngeal 
muscles 

Perhaps a study of phonetics might throw some light upon the problem 
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The appearance of the so-called “ glottal stop '' is an early but important land- 
mark in the development of infant speech and is mediated by structures which 
exclude food from the air passages. Their ancillary influence upon phonation is 
to evoke the guttural sound [k] (unvoiced) and more especially the voiced 
guttural sound [g]. The vocalization of newly bom babies is chiefly made up 
of vowel sounds. Consonantal sounds appear later. Although more data are 
required, it is possible— -if not probable — ^that the voiced and unvoiced gutturals 
are among the earliest of the consonantal cries and appear within the first 
month. We believe that in early infancy, vocalization denotes discomfort, 
and silence means satisfaction. But at a little later date the infant becomes 
capable of emitting comfort noises. These are symbolized by consonantal 
sounds of later appearance. In other words the earliest consonantal sounds are 
mediated by the glottal stop, i.e. the adductor elements, and connote dis- 
comfort. The wide range of abductor sounds associated with comfort appear 
later. 

Much more work is required along these lines but already it seems as though 
phonetics might produce a confirmatory piece of evidence and serve to bring 
Semon and Negus still further into line. 

E. D. D. Davis : The term " idiopathic ” means without pathology and 
without cause. Paralysis of the laryngeal nerve of unkno^vn or obscure origin 
is what is really meant. Paralysis of the left or right recurrent laryngeal 
nerve is common in pulmonary tuberculosis, caused by enlargement of the 
mediastinal glands. The tuberculous lesion may heal and the paralysis may 
disappear or remain. Similarly cases of syphilis causing double abductor 
paralysis recover with treatment and in both diseases the original cause of the 
paralysis may be obscure. Paralysis of the laryngeal nerve occurs in thrombosis 
of the posterior inferior cerebellar artery and this paralysis sometimes remains 
after all the other symptoms have disappeared. Bilateral or unilateral abductor 
paralysis arising from enlarged mediastinal glands has occurred on very rare 
occasions in children. Such cases of laryngeal obstruction have been admitted 
to the Fever Hospital for suspected diphtheria and a tracheotomy has been 
necessary. Mr. Ridout showed a post-mortem specimen of such a case at this 
Section many j^ears ago. Enlarged mediastinal glands had stretched the 
nerves. 

The enlarged glands are not always easily recognized by X-ray photographs 
and these cases may be described as of obscure origin. I have seen 5 cases of 
double abductor paralysis following th3noidectomy which I have kept under 
observ'ation for some years. 

The first case developed double abductor paralysis a short time after the 
operation. This woman had a tracheotomy performed and was more or less 
an invalid all her life and did not attempt to go to any social function. The 
next case, a young woman of 22, kept her household awake at night with her 
noisy stridor. She was embarrassed on exertion and had attacks of dj^spnoea. 
She married and when she was pregnant it became necessary to terminate the 
pregnancy owing to the difficulty in breathing. The right phrenic nerve was 
united to the right recurrent laryngeal nerve and when seen a few years later 
there was no movement of the right cord. The patient thought she was better 
but there was no alteration in the abductor paralysis. This patient has attacks 
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of bronchitis of the base of the right lung with retention of secretion These 
cases after some years show relaxation of the adductor muscles and particularly 
the interarytenoideus or transverse muscle The larynx shows an elliptical 
chink between the anterior two-thirds of the vocal cords, and a larger triangular 
area between the arytenoids, making almost normal respiration possible The 
question is, can the patient wait for this happy result without a catastrophe ^ 

If tracheotomy is performed it should be a low one and a tracheotomy tube 
would have to be worn for many years 

Double abductor paralysis of syringobulbia is not always complete and 
occasionally there is slight movement of one or both cords and alsothe adduction 
of the cords is not so marked 

Lionel Colledge said that he had been interested for a long time in the 
question whether it was possible to restore movement to a paralysed cord 
It was not of much consequence where the paralysis was unilateral, because that 
only very exceptionally produced anj respiratory difficulty Attempts were 
made by Ballance and himself in 1925 to discover whether by any form of nerve 
anastomosis movement could be restored to one or other side Most of the 
nerves of the neck were tried, including the descendens noni which had been 
mentioned No good result was obtamed with the descendens, but satisfactory 
results were claimed in America When the recurrent was divided either the 
cord might remam in its previous position, median or paramedian or it might 
be moved out, depending on the length of time of the paralysis and the degree 
of contracture of the muscles If the contracture was firmly fixed at any one 
position the cord would not move out That was all that happened ivith the 
descendens 

They tried on monkeys the effect of using the phrenic, which seemed more 
promising, because respiratory impulses were going down the phrenic, and 
therefore there was more hope of restoring respiratory movement to the cord 
Experimentally it worked very well in animals In one case it was possible 
to show a monkey with both cords moving quite freely on the phrenics There- 
fore he tried operation on the human bemg on this experimental basis He had 
carried it out on 5 patients In 2 nothing happened at all One was a woman 
with a bilateral recurrent paralysis following thjToid operation, and there was 
no result In another there was the same thing, and in both these cases a 
tracheotomy was done The third case was a man with what Mr Davis would 
call paralysis of unknown origin The cord moved out (m the other 2 it did 
not move at all), but he got an infection of the arm about six weeks later to 
which he succumbed 

The other 2 cases were both m young women One, he lelt sure, succeeded 
quite well because the patient was able to dance and lead quite an active life 
after being in a state of very restneted activity, but he had not seen her for a 
long tune The other one was the case to which Mr Davis referred He 
thought for a time the phrenic recurrent union had succeeded, but he had lost 
sight of her, and it was evidently a failure Therefore only i of the 5 cases 
from a surgical point of view was successful Unless the paralysis was of 
very short duration it was unlikely that a surgical success would be attained 
When he reported these results in 1939 he suggested that from a practical 
surgical point of view they might get all they wanted in relieving the patient's 
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respiratory obstruction bj- fixing one of the cords in an abducted position. The 
operation he then suggested was to expose the ar5denoid cartilage, abduct the 
vocal process, and. fix it in the abducted position. In order to do that an 
incision was made down to the pyriform fossa by retracting the ribbon muscles 
forward and incising the inferior constrictor along the posterior edge of the 
thyroid ala. It was possible thus to expose quite easity from the outside, 
rvithout opening the pharjmx, the crico-arytenoid joint, which was opened and 
the arytenoid was exposed. The posterior edge of the ala should be excised. 

The difficult part was to drill a hole in the arytenoid cartilage in which a 
suture was put near the vocal process to draw the vocal process out. The 
ar3d;enoid cartilage was fixed in abduction by drilling two holes in the thyroid 
ala through which the ends were passed and tied outside the ala. Mr. Archer 
gave him the opportunit}’^ of doing that by sending to him from Manchester 
in 1942 a woman aged 40 who had compensated mitral stenosis and had had 
a thyroid operation, and eighteen months later a tracheotomy on account of 
double abduytor paralysis causing stridor and distress. He carried out the 
operation described, and within a few da3's the tracheotomy^ tube was withdrawn 
and she breathed comfortably. She had written later stating that she was quite 
comfortable and had a good voice. 

It was important that nothing should be done to disturb the intact laryngeal 
mucosa, and that was why’’ all the operations devised for excising the cord were 
failures ; one simply replaced the paralysed cord by^ a fixed scar. He had one 
patient, a wpman from the North of England, who had a palsy with a trache- 
otomy, and shp proved to be a person wth acromegaly. In carrying out the 
operation the arytenoid cartilage became dislocated and he removed it 
altogether and fixed the cord, as he hoped, in an abducted position. In that 
case the relief was short-lived ; she did get rid of the tracheotomy' tube, but 
it had soon to be replaced. But on the basis of the first case the first method 
seemed to him quite a practicable one. 
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Gavin Livingstone recommended the clinical use of the electro-myograph as 
an aid to diagnosis. A long bipolar needle was inserted through a laryngoscope 
under local anaesthesia into the adductor and abductor group of muscles and 
the nerve impulses reaching the muscles were recorded. 

In one case of apparently complete paraly'sis of the cord, the myograph 
showed normal nerve impulses coming through, but no movement was seen — 
the condition not being due to a nerve lesion. 

There was no real technical difficulty' in the needling, but the electrical 
recording and cathode ray' amplification needed expert super\'ision. 

T. B. Layton said that he liked the term “ idiopathic ” better than 
“ paraly'sis of unknown origin ”. He wondered whether there were such things 
as idiopathic paralyses of the lary'nx and would suggest that all these cases 
called idiopathic were really' cases of fixed joints. An arthritis of the joint 
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caused the cord to be fixed during the acute stage, from which it recovered 
He had seen one such case in a young doctor who had been told by another 
medical man that he had an idiopathic paralysis of the cord This patient had 
been spending a winter holiday in Switzerland, and after playing in hot sunshme 
he was seized with a chill as the sun went down behind the mountains and he 
felt a severe pam in his neck and a sensation of frightful coldness From that 
moment he became hoarse The speaker suggested to him that what was wTong 
was a fixed joint, not a paralysis of the cord, and that it might come right 
and so it proved A case of undoubted paralysis of the cord was certainly a 
serious, and probably a grave, lesion 

Lionel Colledge in reply to a question as to what sort of voice these 
people had after operation, said that in the woman whose case he had described 
the \oice was a little rough but strong Generally the patients \vith palsies 
had normal voices after a certain time for adaptation Thej adapted them 
selves to talking with one cord, and the voice, perhaps ^vlth a little speech 
therapy, became normal 

J Angell James descnbed the case of a soldier who had been wounded 
by a mortar bomb, a fragment of which had entered his neck through the nght 
postenor triangle The right \ocaI cord was completelj paralysed, and a 
skiagram showed a fragment measuring 4 mm by 2 mm in the neighbourhood 
of the right transverse process of the sixth ceiwical vertebra He had con- 
siderable discomfort in the neck and surgical intervention was thought 
justifiable The carotid sheath was exposed and the fragment found embedded 
m the medial half of the vagus nerve The fragment was removed and the 
sheath repaired and it was hoped that there might be regeneration of the nerve 
and recovery of the vocal cord A year later he wxote that his voice had com 
pletely recovered, but only two days ago the man came to be seen and the cord 
was still paralysed 

The Presidext said the discussion had proved extremely mterestmg 
Cases of bilateral laryngeal paresis were fortunately very uncommon Uni- 
lateral paresis rarely gave trouble apart from loss of voice for a short period 
The voice cleared when the other cord compensated but the paresis usuallj 
remained complete He had m mind two ministers both of whom have 
unilateral vocal cord paresis and yet they have apparently normal voices 
They were both voiceless for a short period only In one case of sudden onset 
a bilateral paresis an urgent tracheotomy had to be performed and the patient 
(who was a jeweller) made his owxi tracheotomy tube with a small vahe across 
the mouth controlled by a fine " bowden " wire so that he could speak normall> 
without closing the tube with the finger 

Following on the publication of Dr Irwin Moore’s paper in 1923 (Jnl 
Laryn & Oto , xxxviii, 236) he (the President) had tried the anterior operation 
One case was almost successful but he split the cartilage m the middle line and 
by some mischance one cord was replaced rather below the other The result 
was quite good except that the voice was what might be called a forced whisper 
only 

He had tned grafting the anterior end of the cords but without success 
although one case gave quite good results for about a jear He had only tned 
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the posterior route once and although the result seemed quite good the patient 
had a lot of stridor and thought he was better with the tracheotomy tube. 

The President agreed with Mr. Layton that some of these so-called idiopathic 
pareses were realty joint infections. 

Maxwell Ellis, in replj'’, agreed that " idiopathic ” was not a satisfactory 
term, but at least the}'’ knew what it meant. It was very interesting that Mr. 
CoIIedge in 1939 should have embarked on the precise procedure that King 
described in the same year with a report of 24 cases. King did not bore a hole 
through the vocal process, because that was a difficult procedure technically. 
It caused fracture and was not easy to carry out. He ran the suture round the 
inner side of the vocal process and then did precisely what Mr. CoIIedge had 
described. The point was not to enter the larynx ; if one did scar tissue 
formed. The second case which Mr. CoIIedge described followed the technique 
which Kelly employed in America. 

Some speakers had suggested that recover}' was an instance of functional 
not anatomical, cure. Undoubtedly a number of these unilateral cases did 
resolve and the cord returned to normal. 

If Mr. Layton had put his question before Mr. Livingstone had spoken he 
would not have known how to answer it, but Mr. Livingstone had described an 
electro-myographic method of detecting the response of a nerve, and that might 
distinguish between cord paralysis and joint fi.xation. Without being too 
scientific and dogmatic he felt sure Mr. Layton would agree that on the basis 
of clinical experience, while there were a number of things not very easy to 
describe or define, one might be quite sure that one was dealing with a particular 
condition, generally on the basis of repeated examinations at different times. 

The whole point of the Kelly operation of removing the arytenoid was to 
give a good ainvay posteriorly and to preserve a fairly good voice. 

The President seemed to have gone the rounds of these various operations 
and he would have liked to have heard him speak on them at greater length. 

Macdonald Critchley, also in reply, said that he would like to make a 
plea for a most meticulous examination of the nervous system in all obscure 
cases of laryngeal palsy, because such might be the first sign of a tabes or of 
several other neurological conditions. As a neurologist one was often asked 
to see cases of paralysis of the larynx combined with lesions of other cranial 
nerves. Such cases were probably due to a virus infection. There was no 
leason why there should not be a virus affection of one single cranial nerve, 
e.g. the vagus, or recurrent laryngeal. Bell’s palsy was probably an example 
of such. He had no doubt that members were also familiar with cases of 
recurrent laryngeal palsy in returning prisoners of war from Japan. Many 
showed signs of nutritional deficiency with bilateral blindness, deafness, 
dysassthesia of the extremities, and recurrent laryngeal palsy. 


LETTER TO EDITOR 

To THE Editor, Journal of Laryngology and Otology. 

Dear Sir, 

I hope to consider a reinvestigation of the phenomena associated with 
bone conducted hearing. In particular I am interested in those paradoxical 
cases in which bone conduction is grossly diminished or absent, whilst air 
conduction remains comparatively good This is referred to by many authors, 
but I must confess I have never, in the course of ten years audiometry, 
encountered such a patient. 

Dederding, Acta Oio-Laryngologxca, Supplementum X, page 20, says : 

" In many patients a remarkable circumstance with respect to bone 
conduction w'as observed, namelj^ that it was abridged, indeed had quite 
disappeared, together with a fully preserved hearing of whisper, and 
comparatively good air conduction.” 

Unfortunately all reports such as these are based on tuning fork tests and 
the whispered voice, and for various reasons I consider these unreliable. In 
particular, masking w^as neglected. 

I should be very grateful if you would publish this letter in the Journal of 
Laryngology, with a request for any information which our colleagues can 
supply. More precisely, I shall be very grateful if any otologist can give me 
details of any patient he has seen with this condition. V^'hat tests were 
applied and what suggestions can he make to explain the condition ? 

Yours sincerely, 

AiEX. Tomarkik. 

May 7th, 1946. - 
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THE ROLE OF MECHANICAL 
AND ANATOMICAL FACTORS IN THE 
PROBLEM OF TONSILLAR FOCI 

By Db GEORGE RfevEsz (Budapest)* 

There is scarcely any branch of medicine uninterested m the problem 
of tonsillar foci No doubt single organs or organ systems or the whole 
organism may become diseased in association with, or owing to, acute 
or chronic tonsillar processes The question however which of the 
chrcttuc jnflanunafjons play the part of a focus, further their gross and 
microscopic, anatomical and pathological basis is to date much disputed 
The survey of the referring literature has led to contradictory theoretical 
and practical results, wherefore I believe that still much accurate research 
is needed to find a definife and conclusive answer First of all, the 
problem has two different aspects from the viewpoint of the practitioner 
and the laryngologist respectively The practitioner regards the iltoeas 
as a whole, he seeks for the ultimate cause and observes the complications 
occurring unexpectedly on the basis of the pnmary disease, whereas the 
laryngologist is given a momentary picture only and his role consists in 
stating that the suspected focal infection is present and in removing 
the focus Whether or not he was right may be seen from the result of the 
operation, naturally if the other sources of infection had been excluded 
According to a classical concept focal infection is a pathologic process dui 
to local and latent or clinically minute infections m remote organs 
The harmful agent “bacterium toxin denying frequently from a micro 
scopic pnmary infectious focus enters m certain periods into the blood 
or lymph circulation and causes, through its toxic effect, general and 
organic symptoms according to the localization and extension of the 

* From the Laryngoiogical Department of the St Rochus Hospital Budapest 
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Fig. 4. 



Factors in the Problem of Tonsillar Foci 

of the tonsils to their base by means of a very hard tissue is a frequent 
observation in the course of operation of patients having a history of 
repeated inflammations In contradistinction to this, there is no marked 
redness or oedema in the pillars and the patient has no complaint beside the 
local ones It is to be stressed that children and young individuals have 
nearly always movable tonsils whether they are large or small, deep or 
superficial lying, though the sc£Lr formation following on peritonsillar 
abscesses often cause fixation The pen- and paratonsillar processes have 
doubtless a role because they act as transferring processes in allergic 
conditions or infections spreadmg over the whole organism The adhesion 
symptoms mentioned above may be just as important as phlegmonous 
processes of this area attended by manifest hymptoms I think one is 
justified in assuming that localization or generahzation of the process 
depend on the immuno biologic conditions, constitution of the organism, 
speciea and virulence of the bacteria rather than on the local alteration 
The si2e of the tonsils, their fixation, the content of the crypts, their open 
or closed state, intracapsular phlegmonous processes, may be an additional 
factor in developing a general infection They can, however, hardly 
determine it Probably the simultaneous action of several components 
may account for the focal infection and the changes following thereafter 
There is beside the abovesaid still one factor which has not been duly 
emphasized in my opinion the lodging of the tonsils between the 
palatal arcs and the role of the mechanical factors 

Regarding the problem from this viewpoint I observed that in all 
cases in which the assumption of a focal infection was right as seen from 
the improvement ensuing after tonsillectomy the removed tonsils had been 
found though pathologic and showing some of the alterations dealt wth 
above, lodging deep between the palatal pillars It is general knowledge 
that the organs located in the mouth and the pharynx are, under physio 
logical conditions, steadily exposed to manifold pulhng and pressure effects 
acting in various directions The actual state of the tonsils and their 
contents depends on their size, location and occasional fixation 

In their normal position the tonsils he rather impacted between the 
palatal pillars directly upon the pars buccopharyngea of the superior 
constrictor muscle whereby they are continuously under the effect of 
muscle contractions \\ henever the latter occur, e g with deglutition Thus 
they will be dislocated toward the isthmus by the contraction of the muse 
constrictor sup pharyngis Contraction of the stylopharyngeus results in 
pulling the tonsils laterally Similarly, there occurs a lateral movement 
of the tonsils which is due to the simultaneous contraction of the palato- 
glossus and palato pharyngeus muscles while the two palatal pillars are, in 
the case of deep seated tonsils, brought nearer to each other whereby the 
surface of the tonsils becomes nearly separated from the oral cavity 
Occasionally there is another relation of the tonsils to these two muscles 
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present characterized by that imaginary line connecting the middle 
points of the two muscles crosses the deepest point of the tonsil or runs 
laterally from its centrum : in this case the contraction of these mucles 
results in a dislocation of the tonsil toward the oral cavity. The latter fact 
has an importance to be assigned to it, likewise from anatomical and 
physiological, and from pathological viewpoint as weU with a special 
regard to the explanation of focal infections. 

The tonsil dislocated toward the oral cavity during the buccal stage 
and at the initial phar5mgeal stage of deglutition undergoes a pressure 
increase coming about by elevation of the tongue and medial dislocation of 
the lateral phar}mgeal walls as a result of the contraction of the mylohoideus, 
hyoglossus, and the constrictor pharyngis superior, palatoglossus and 
palatopharyngeus respectively. At the last stage of this first deglutition 
period the contracted tongue margin rolling backward encounters the 
medially dislocated tonsil whereby the tonsil contents will be expressed 
as can be demonstrated in the way described below. 

The case of the deep-seated tonsil is quite different since the two 
pillars come in close contact and effect a thorough separation resulting 
in that the tonsillar content finds its way in the direction of the minimum 
resistance i.e. toward the capsule because the effect of the palato-glossus 
and palato-phar5mgeus coming nearer to each other through their con- 
traction is enhanced by the augmented intra-oral pressure hardly neutra- 
lized by the weak bucco-pharyngeus acting from without. An additional 
factor to this mechanism is supplied by a slight torsion of the tonsils about 
an imaginary frontal axis. I have demonstrated by roentgen examin- 
ations that the palato-pharyngeal muscle does, according to its anatomical 
architecture and the periods of deglutition, accomplish a double movement. 
During the buccal period it moves forward to the centrum of the tonsil, 
during the pharyngeal one it displays a vertical movement as a sign of 
the fact that the inferior mobile part of the pharynx is, owing to the 
contraction of the stylo-pharyngeus, constrictor pharyngitis medius and 
inferior, dislocated upward, toward the fix point. Being rather adherent 
by way of its capsule, to the muscles lodged in both pillars the tonsil 
accomplishes, in the second deglutition period characterized by the 
relaxation of the palato-glossus, the abovesaid torsion due to the contrac- 
tion of the palato-pharyngeus. 

In order to provide conclusive evidence of these facts I injected into 
the crj^pts of the tonsils to be removed a rather viscous opaque material 
with the aid of a duly adapted syringe. In aU cases of undeep-seated 
tonsils the cr5rpts became empty after a few deglutition acts whether the 
tonsils were large or small. In the cases of deep-seated tonsils the opaque 
material remained in place even after a series of deglutitions and could 
be expressed mechanically. Thus the importance of the anatomical 
position of the tonsils is obvious. 
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Later on I became concerned with a visible control of the emptying 
of the crypts To achieve this Hirschmann-Valentm’s endoscope was 
introduced through the amesthetized infenor nasal meatus so as to be 
placed behind the uvula and the crj'pts were filled ivith a blue liquid 
sharply contrasting ivith the hue of the mucosa The tonsils lying super- 
ficially were ahv ays pushed by the initial deglutition movements towards 
the oral cavity and the injected matenal appeared m the openings of the 
crj’pts After the deglutition act the blue matenal was no longer present, 
obviously it has been obscured by the tongue rolling bacLuard In the 
cases of deep seated tonsils the blue dye scarcely, if at all, appeared 
The followed data of the ectomized patients showing improvement or 
ceasmg of the complaints are in full harmony with the results of the 
expenments reported above 

The following expenment has been instituted to express numencallythe 
pressure exerted by the palato glossus and palato-pharyngeal muscles A 
small metal globe w as placed upon the muscles about at the middle of the 
tonsils on each side By latero lateral fluoroscopy could be observed that 
in the first period of deglutition the metal bodies came nearer to each 
other and herebj’ also to the middle points of the tonsils, later on thej' 
returned to their original position Further I could observe that the 
palato phaiyngeus resp the metal body placed upon it accomphshed also 
a vertical movement as a sign of its participation in the contraction of the 
middle and inferior constrictor muscle To demonstrate these dis- 
locations films have been made with a long exposition time whereby the 
dislocation could, without neglecting the distance between metal body and 
light source or film respectively, be measured as being 3 to 5 mm 

Presuming that the tonsil is seated in the middle between the two 
pillar “ muscles” the power exerted on the tonsil by the muscles m full 
contraction is to be calculated If only these two muscles act upon the 
tonsil from two opposed directions, further if the longitudinal imaginary 
axis of both muscles he in the same plane the power exerted by each 
are equal and oppositely directed Thus it will suffice m following to 
examine one of these muscles only We will regard the muscle as a 
thoroughly flexible thread free of fnction The pressure exerted by such a 
thread upon the bodies being in contact with it is determined by its 
curvature and the power of traction appeanng m it The power of 
traction is directly proportional to the pulling tension and the surfaci 
' superficial extent of the cross section ” 

P=Fp 

In the formula P=power, F=superficies, p=tension 

I measured the area of the cross section of both muscles and found 
an average of approximately o 4/0 •39/cm * 

At an earlier time experiments hax'e been performed to determine the 
absolute muscle power as calculated for the surface unit Departing from 
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the maximum muscle tension several authors attained at an estimation 
which pelded an average of 6 kg/cm." The substitution of these values 
in the formula gives the result : 

P=o-4 cm.' -6 kg/cm. '=2 -4 kg. 



0 

The figure allows a well understandable explanation. Side A should 
represent the palato-pharjmgeus muscle, side B the palato-glossus. The 
ellipsis lying between them represents the tonsil, 0 and 0 the approached 
muscle fixations. The power E acting from A can be determined by means 
of the formula ; 

E „ 

Since sin - = 2 -45 , E = aPsin- 

sin- =2.0 -06 =0.12, 

2 

E=o- 12.2.2 -4=0 -576 kg. “Considering the lowermost 
limits of the values ”. 

As to the pressure tension present in the cross section of the tonsil, 
vertical to the resultant of the muscle pressure : 

E 

P=F 

where E means the pressure determined above, F =superficies. 

The cross section of the tonsil being approximately an ellipsis its 
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area can be calculated from the known axis lengths they measunng i8 to 
20 and 9 to lo mm respectively 

F=abr=si 271 cm* 
a and b mean the half axes ' 

According to the general formula E=rp, p=E=o 45 kg /cm * 

F 

The pressure tension determined in this way is indeed only an approxi 
mation the elasticity resp firmness of the tonsil having been entirely 
neglected Virtually the tension measured near the centrum la different 
from that appearing on the surface 

It IS obvious from the calculated numencal values that a change in 
the anatomic condition that is when the imaginary straight Ime running 
through the two muscles which act on the tonsil from both sides does not 
cross the accurate middle point of the tonsil whereby it does act on a 
part of the crypt system different from its centrum the liquid contents 
which are practically incomprehensible wiH be dislocated toward the mouth 
cavity or the capsule In the latter case the movement of the bquid may 
account for a focal infection occurring with a mechanism descnbed m the 
introduction of this paper 

Summary 

Beside the symptoms known to date the following factors deserve 
attention from the viewpoint of the tonsillar focal infection 

1 The Site of the tonsil between the pillars the deep site being an 
important factor 

2 The pressure exerted on the tonsil in the course of deglutition 
by muscles especially those m the antenor and postenor palatal pillars 
which express the contents of the crypts 

3 The pressure exerted by these muscles amounts to about 0 6 
kg /cm “ representing 

4 0 45 kg /cm * pressure tension on the central part of their cavity 
system i e , on the imaginary plane lying m the axis of the tonsil 
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ON THE RELATIONSHIP BETWEEN 
RADIOLOGICAL APPEARANCES AND PROOF- 
PUNCTURE FINDINGS IN SUSPECTED CASES 
OF INFECTION OF THE MAXILLARY 
ANTRUM 

By J. CHALMERS BALLANTYNE, R.A.M.C.* 

In this paper, an attempt has been made to assess the value of X-rays 
in the diagnosis of pathological conditions of the maxiUary antrum. The 
results of seventy-five consecutive and unselected cases are recorded in 
tabular form. It had been hoped to collect a hundred such cases, but an 
unexpected posting made their completion impossible and it was felt that 
the result would be more valuable if the films of only one radiographer 
and the reports of only one radiologist were used. 

The remarks under “ X-ray Appearances ” are exactly as reported to 
me by the radiologist. The results of " Proof-Puncture Findings ” 
require further explanation. These latter are recorded in five different 
grades : 

(«) No pus — ^where the solution used for lavage was returned com- 
pletety clear. 

(fc) Few flakes only — ^where only a few minute flakes of inspissated pus 
or epithelial debris were returned. 

(c) A single “ plus ” sign (-f) — ^where only a small amount of pus, 
cleared b}? one washout (i.e. one sjninge fuU) was obtained. This 
was usually tenacious in consistency and yellowish in colour. 

(d) A double “ plus ” sign ( -j- -f ) — a single large blob of pus or pus as in 
(c) above requiring two or three washouts to clear. 

(e) A triple “plus” sign (-b-F-F) — ^more than (c) or {d) above — 
usuall}^ a verj^ large quantity, often foul-smelling, fragmented and 
greenish-gre^^ in colour. 

Results 

The results of these investigations are sho^vn in the table. Seventy- 
five cases are recorded. Of these, 9 (Nos. 2, 5, 10, 12, 13, 24, 25, 30, and 
31) showed negative radiological appearances, but in each of these it was 
felt that the clinical manifestations warranted a diagnostic proof-puncture. 
In none of these cases was there any evidence of pathology on lavage. 

* From the 94 (Hamburg), British Military Hospital, B.A.O.R. 
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Of the remaining 66 cases, m which positive findmgs were recorded on 
X'ray exammation, 58 showed evidence of sinus pathology on puncture 
and lavage In the remaining 8 (Nos 28, 29, 39, 40, 43, 44, 56, and 70), no 
pus was detected In one of these (No 44), however, though there was no 
evidence of active infection, a clear yellow fluid was obtained bj' puncture 
of the right antrum before lavage was begun The X-ray report in 
this case was " Right antrum — circular opacity " Of the remaining 
7 cases with posihve radiological and negative proof-puncture findings, 
2 more (Nos 39 and 43) were reported as " Rounded opacity ? polyp 
and it is possible that a poljip was present in each though not entered bv 
the trochar and cannula Of the remaming 5, 3 (Nos 29, 40 and 70) 
showed radiological appearances suggestive of mucosal thickenmg only 
Of the 58 cases shoiving positive proof-puncture findings, 48 showed, 
frank pus, the remaming 10 showmg a " few flakes only ” — evidance of old 
or quiescent infection of the antrum The majority of those wath frank 
pus (two thirds of the cases) belonged to the fourth grade (or double 
" plus " sign) — a smgle large blob of pus or tenacious, yellowish pus 
requinng two or three washouts to clear 

Summary and Conclusions 

There are recorded m this paper, the results of diagnostic proof- 
puncture of the maxillary antrum m 75 consecutive and unselected cases 
of suspected infection — ^irrespective of X ray appearances 

In 9 of these cases, it was felt that proof puncture was justifiable on 
clmical evidence, in spite of negative radiological reports But in none of 
these was any evidence of infection found on favage and it woufd appear 
reasonable to assume that sinus pathology will, in the majority of cases, 
give nse to detectable changes in the X-ray film 

Of the remaming 66 cases, in which there were positive radiological 
findmgs, 58 (or 88 per cent ) showed evidence of mfection on pnjof- 
puncture and favage Of these latter, 48 (or 83 per cent ) showed frunk 
pus, the remaining 10 (or 17 per cent ) showmg a “ few flakes only ” — 
evidence of old or quiescent infection 

Eight cases remain in which there were positive radiological, and nega- 
tive proof-puncture, findings In 3 of these, the radiologist reported the 
possibility of a polyp and in one a clear, yellow cystic fluid was actuidly 
withdrawn In only 5 cases of the whole senes could the radiological 
appearances be attributed to a thickenmg of the mucous membrane imd 
in three of these this was, in fact, reported by the radiologist 

The results are encouraging and would suggest that a good X ray film, 
interpreted by an exp?nenced radiologist, is the most reliable adjunct 
to the clinical diagnosis of infections of the maxillary antrum 

In conclusion, I insh to express my gratitude to Mr R Scott Stevenson 
my chief during the earlier part of these investigations, for his 
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’encouragement and help ; to Captain D. J. Roberts, R.A.M.C., 
Graded Radiologist, for his co-operation in the interpretation of 
the X-ray appearances ; and to Sgt. Harrison, R.A.M.C., Radiographer 
for his excellent films. I would also like to thank Colonel W. Campbell for 
permission to publish this paper. 


Case 

No. X-ray appearances. ’ Proof-puncture Findings. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

ig 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
-32 

33 

34 

35 

36 

37 


(R) Antrum opaque 
Negative 

Both antra opaque - 

(R) antrum — slight increase in density 

Negative 

(L) antrum — increase in density 

(R) antrum opaque 

Both antra slightly opaque 

(L) antrum — slight opacity 
Negative 

(L) antrum opaque 

Negative 

Negati\'e 

(R) antrum opaque 
Both antra opaque 

(R) antrum — slight increase in density 
(R) antium opaque 

(R) antrum — slight increase in density 

(R) antrum opaque 

(R) antrum opaque 

Both antra opaque — especially (L) 

Both antra opaque — especially (R) 

Both antra opaque 

Negative 

Negative 

(R) antrum opaque 
(R) antrum opaque 
Both antra opaque 

(L) antrum — increased density of lower part 

Negative 

Negative 

(L) antrum opaque 
(L) antrum — hazy 
Both antra opaque 
(L) antrum opaque 

Both antra opaque (R) more than (L) 

(L) antrum opaque 


(R) +4- 

(L) No Pus 

(R) and (L) -p-b 

(R) few flakes only 

(R) No pus 

(L) Few flakes only 


(R) 

+++ 


(R) 

and (L) 

few flakes 

only 


(L) 

few flakes only 

(R) 

No pus 


(L) 

++ 


(R) 

No pus 


(L) 

No pus 


(R) 

few flakes only 

(R) 

and (L) 

+-f 

(R) 



(R) 

-f-t- 


(R) 

4-4- 


(R) 

4-4- 


(R) 

4-f 


(L) 

4-4- 


(R) 

4-4- 


(R) 

and (L) 

-f 4-4- 

(R) 

No pus 


(R) 

No pus 


(R) 

4-4- 


(R) 

4-4-4- 


(R) 

and (L) 

No pus 

(L) 

No pus 


(R) 

and (L) 

No pus 

(R) 

No pus 


(L) 

4-4- 


(L) 

4-4- 


(R) 

and (L) 

4-4- 

(L) 

4-4-4- 


(R) 

4-4-4- 

(L) 4-4- 

(L) 

4-4-4- 
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38 

(R) antrum — mcreased density 

(R) + 

39 

(R) antrum — ^rounded opaaty ? polyp 

(R) No pus 

40 

(R) antrum ^ mucosal thickening 

(R) No pus 

41 

(R) antrum opaque 

(R) ++ 

42 

(L) antrum opaque 

(L) ++ 

43 

(R) antrum ’ polyp 

(R) No pus 

44 

(R) antrum — circular opacity 

(R) Cystic fluid No pus 

45 

Both antra opaque — ^more marked on (L) 

(R) + + 

46 

Both antra opaque 

(R) and (L) ++ 

47 

(R) antrum — mcreased density 

(R)++ 

48 

(L) antrum opaque 

(L) +4-+ 

49 

(R) antrum — increased density of lower part 

(R) + 

50 

(R) antrum — slight hazmess 

(R) few flakes only 

51 

Both antra opaque 

(R) and (L) 4*4 — h 

52 

, Both antra opaque 

(R) and (L) + + 

53 

(L) antrum opaque 

(L) 4-4-4- 

54 

Both antra opaque (R) more than (L) 

(R) +4- 

55 

Both antra opaque (R) more than (L) 

(R) -f-r 

56 

(R) antrum opaque 

(R) No pus 

57 

(R) antrum — slight haziness 

(R) -h 

58 

(L) antrum opaque 

(L) 4--f 

59 

Both antra opaque 

(L)4- 

60 

(R) antrum opaque 

(R) -1-f 

61 

(L) antrum opaque 

IR) 4-4- 

62 

(L) antrum opaque 

(R) 4- 4- , 

63 

(R) antrum — increased density 

(R) few flakes only 

64 

Both antra opaque 

(R) and (L) -f-f" 

65 

Both antra opaque 

(R)-^4- 

66 

(R) antrum opaque 

(R) 4-4- 

67 

(L) antrum opaque 

(L) 4- 

68 

Both antra opaque 

(R) and (L) feu flakes 



only 

69 

Both antra opaque 

(R) and (L) few flakes 


only 

70 

Both antra shghtly opaque 

(R) and (L) no pus 

71 

(L) antrum opaque 

(R) 4-4- 

72 

Both antra opaque 

(R) and (L) -44- 

73 

(L) antrum opaque 

(R) 4- 

74 

(R) antrum opaque 

(R) feu flakes only 

75 

(R) antrum opaque 

(R) 4-4-4- 


309 



CLINICAL RECORD 

CASE OF BILATERAL FRONTAL SINUSITIS WITH 
OSTEOMYELITIS OF THE FRONTAL BONE AND 
LEFT ANTRAL SINUSITIS, TREATED WITH PENICILLIN 

By DONALD WATSON (Bradford) 

TFrank Spencer. 73 years. 

History. 

24.9.46. This normally healthy boy has had a headache for five days. 
The headache followed a cold and' diving in a public swimming bath. Three . 
days ago'his forehead above the left eye was slightly swollen and he had a 
temperature. Since then the swelling and headache have become worse, and 
his temperature yesterday was 103°. 

Condition on admission. 

TemperaUire 99-6. Pulse 116. Respiration 22. Violent frontal headache. 
Facial appearance: Great deal of swelling of the left eyelids, particularly the 
upper, with oedema of the left side of the forehead, extending almost to the 
hair margin, over to about the centre of the right supraorbital margin. The 
frontal bone was exquisitely tender to touch over and slightly beyond the 
oedema. 

A. R. Slight amount of pus in the left middle meatus, nil in right. 

Month : nil. 

Diagnosis. 

Acute bilateral frontal sinusitis, with osteomyelitis of frontal bone and 
left antral infection. To-night, 6 p.m. Temperature i02'8. Pulse 108. ■ 
Respiration 22. ■ 

Treatment. 

Penicillin i c.c. 10,000 units every three hours. 

B. D.H. Ephedrine Co. spray twice daily. 

Menthol inhalations and head light bath every four hours. 

X-ray report. 

25.9.46. Sinuses : There is diminished translucency of both frontal 
sinuses, consistent with infection. The supramedial margin of the right 
orbit is rather hazy, but there is no evidence of bone destruction, and I think 
this is from the sinusitis. There is also diminished translucency of the left 
antrum. No fluid level visible. 

Operation. 

An abscess developed in the mid-line of the forehead two inches above 
the glabella. This was opened and i c.c. of pus evacuated. Small gauze 
drain. Frontal bone exposed and explored — no fistula into frontal sinus 
found and no visible change in bone. 
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26 9 46 Not much change in condition of left eye, slightly more pus m 
left middle meatus Headache easier General condition much improved 
Pathological report on pus — streptococcus hzemolyticus 

27 9 46 Condition much better Temperature fallen to normal at 10 a m 
(Edema of eye and forehead much less 

A R Great deal of pus in left middle and common meatus No pus in 
right nostril 

30 9 46 Swelling of forehead and left eye practically gone No pus seen 
in nose Temperature normal since 27 9 46 

I 10 46 Both antra explored with needle — no pus present 

5 10 46 Penicillin discontinued Total given 85 c c (850,000 units) 
X-ray report 

8 10 46 Sinuses and frontal bone There is still a slight degree of dim- 
inished translucency of both frontal sinuses The walls of the cell 
spaces are thin hazy and somewhat indistinct No visible fluid levels 
No evidence of bone destruction The antra are normal m appearance 
The appearance is consistent with a subsiding infection of the frontal sinuses 

9 10 46 Temperature has been normal since 27 9 46 

17 10 46 Discharged from hospital 

Discussion 

The left frontal smus had a small upward extension near the mid line 
where the osteomyelitis developed, no doubt due to thrombosis of anastomosing 
vessels of the muco periosteum lining the sinus and the diploe of the frontal 
bone 

I have seen six cases of osteomyelitis of the frontal bone One case died 
of meningitis (15 years ago) due to infection from pus formation on the mne 
aspect ct the ilrcnre (Pctt’s pcfiy tcmoac) Armed wrtft peniaRm 1 rrsAevf the 
Pott s puffy tumour — the external abscess suggested it might be present 

Had I been younger, I have not the slightest doubt that I should have 
plunged into major surgery when I first saw this case with the consequent 
disfigurement of the boy In the middle of his forehead is a small transverse 
scar, his only mark which I trust will become the central part of one of the 
lines that develop in the brows of all thinking people 

Comment 

This case demonstrated the efficacy of penicillin in both osteomyelitis 
and sinusitis The improvement in the boy s general condition after 24 hours 
was amazing 



CLINICAL NOTE 

A CASE OF RESPIRATORY INCO-ORDINATION 

By CLIFFORD EVANS and DAVID HEWSPEAR, D.A. (London) 

This recruit was first seen by one of us (D.H.) during a routine sick-parade 
five weeks after he had joined the Army. He complained of “ inability to 
breathe through his nose Medical treatment was tried, but failed. 

He was then referred to the E.N.T. Department of a Military Hospital. 
(Seen by C.E.) The only abnormality present was a gross narrowing of the 
nasal airway posteriorly. (On looking back — due to disuse.) 

The size of the nasal airway was increased surgically, so that when healed 
a No. 9 Magill intratracheal catheter could be easily passed through either 
nostril. (Shown in the attached photos.) But still he was unable to breathe 
through his nose. 

At this stage his social history was gone into and it was found that he began 
life in an orphanage and from the age of four to fourteen years was in the care 
of professional foster parents (with two other orphanage boys). These were 
very unhappy years. At the age of fourteen, until he joined the Army at the 
age of eighteen years, he was employed by a farmer and was on duty from 
6 a.m. to 6 p.m. for seven days a week. For the first time in his life he finds 
himself having an equal chance with his fellow men, and he is anxious to become 
a regular soldier. 

He had been a mouth breather for as long as he could remember. In view 
of his psychological background we then considered whether the condition 
might be some form of neurosis so it was decided to test his respiration whilst 
under anesthesia. The patient was most co-operative throughout as he was 
anxious to improve himself. 

First, surface anesthesia was tried (lo per cent. Cocaine HCl) ; but no 
appreciable difference was detected. Then a general anesthetic (gas and 
ox3'gen) was administered (by D.H.). It was found that whilst under deep 
anesthesia (stage 3) nasal breathing occurred easily and freely in spite of the 
mouth being completely occluded \vith strapping. As soon, however, as the 
patient became light (and before he was conscious) the " nasal obstruction ” 
returned and he became blue. This experiment was repeated several times. 
Next, bUnd (nasal) intratracheal intubation was performed, and the intracheal 
tube was slowly raised and lowered as the anaesthetic was deepened and lightened 
and it was found that a sphincter-like spasmodic obstruction occurred at, or 
just above, the level of the glottis, being particularly obvious under very light 
anaesthesia. 

This appears to suggest to us some form of muscular inco-ordination due 
to a long-standing psychological maladjustment. 

He was transferred to a centre where he could obtain remedial breathing 
exercises. YTien seen six weeks later, he showed great improvement. 

A search of the available literature failed to find other cases of a similar 
■type or a description of this condition. 
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Otogenic meningitis and meningitis secondary to mfcction of the nasal sinuses 
have much m common In both the bacteriology is similar, in both the 
meningitis may be complicated by abscess formation and m both the problems 
of treatment are in many respects the same We therefore propose to discuss 
these two groups of cases together We also include certain cases where the 
meningitis arose not from a frank sinusitis but as a result of a fracture involving 
the nasal sinuses (Table I) 

TABLE I 


A SERIES OF 37 CASES SECONDARY TO INFECTION OF THE EAR AND NASAL 
SINUSES ANALYSED ACCORDING TO ETIOLOGY AND BACTERIOLOGY 


Source of infection 

Pneumococci Streptococci Staphylococci 

Mixed 

H influenza Total 

6titis 

13 


I 

2* 

1 21 

Sinusitis 

Fracture through 

6 

3 

0 

0 

0 9 

sinuses 

6 


0 

0 

0 7 

Total 

25 

8 

' 

2 

I 37 


• Pneumococci+S/opA aureus, (n) Streptococci+’^IapA aureus 


Some of our patients were referred to us directly as cases of meningitis 
Often this was because the bactenologist who examined the C S F identified 
Gram positive organisms and made it his business immediately to get in touch 
with the clinician in charge of the case and urge treatment with penicillin 
The site of the pnmary focus of infection was often discovered only after 
careful assessment of the history and clinical and radiographic examinations 
Others were first admitted to hospital, either at Oxford or elsewhere, for treat- 
ment of the nose or throat In these the meningitis usually developed while 
they ^\ere under observation In those cases where the meningitis follo\\ed a 
fracture through the sinuses, some of the patients were admitted to hospital 

313 



Societies’ Proceedings 

on account of their head injury, while in others the head injury preceded the 
meningitis by a variable interval and was onty discovered by a study of the 
history. 

From the practical point of view cases with this aetiology fall into three 
main groups : (i) Those in which no organisms are recovered from the C.S.F. ; 
(2} those due to organisms which are either relatively or totally resistant to 
penicillin ; (3) those due to infection by penicillin-sensitive organisms. 

The first group includes those cases of relatively low-grade infection 
sometimes called " sterile ” meningitis and also cases of intracranial abscess 
where bursts of mild meningitis develop during the course of the illness. These 
cases usually respond well to sulphonamides and unless an abscess is present 
no other form of chemotherapy may be needed. The patients must, however, 
be carefully watched and their progress checked by repeated bacteriological 
examination of the C.S.F., since fluid which is at first sterile may later give a 
positive culture (Smith ct al., 1946, Case i). If the patient has received 
sniphadiazine before the lumbar puncture is done, cultures of the C.S.F. must 
be set up with para-aminobenzoic acid. They will otherwise probably be 
sterile when the true nature of the infection will be missed. 

L The second group is small but important. The predominating organisms 
. H. inflwnzm and B. protens. Fortunately these cases are not common as 
the mortality in this country has been high. Occasionally influenzal meningitis 
responds to heavy and prolonged dosage with sulphadiazine, while in America 
Alexander (1944) has achieved excellent results by the use of immune rabbit 
serum which is given in conjunction rvith sulphadiazine. Recently cases have 
been reported in which the infection has been controlled by intrathecal 
penicillin (Forgacs, Hutchinson and Rewell, 1945 ; Straker, 1945), and it 
appears that, at least with certain types, the resistance of H. infinenzm to 
penicillin is relative rather then absolute. 

We have treated one case of otogenic influenzal meningitis. 

Case I. — R.I. 25486/44. 

A baby of S months was one day noticed to have a thick purulent discharge 
coming from his right ear. He did not seem unwell at that time but five days 
later, the left ear also began to discharge. Eight days later he was admitted 
to the Ear, Nose and Throat Department of the Radcliffe Infirmary, and the 
following day a bilateral Schwartze mastoidectomy was performed. The right 
mastoid contained a fair amount of mucopus, but the left only showed some 
injection. Following operation the condition of his ears was uniformly 
satisfacto^, but his temperature rose, and he was given sulphathiazole (3 
grammes daily). For the next ten days his temperature was maintained at 
about i 02°F. rvithout the development of djoy phj^sical signs, but on the 
eleventh day he developed a squint and on the twelfth day was found to have 
considerable neck stiffness. A lumbar puncture revealed a cloud3'- fluid but 
no organisms were seen on the direct film, and it was not until four days later 
that the organism grown on culture was identified as H. influenza. 

During these four days, treatment with intramuscular and intrathecal 
penicillin was given in view of the previous lack of impror'ement on sulpha- 
thiazoie. There was no clinical improvement throughout this period. 

When the organism was reported as insensitive to penicillin, sulphadiazine 
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(3 grammes daily) was begun, and the penicillm discontinued Thereafter the 
child slowly improved, but one attempt to reduce the dose of sulphadiazine 
and another to discontinue the drug after three weeks, were quickly followed 
by clinical ‘and bacteriological relapse Finally the child made a complete 
recovery after having received sulphadiazme for seven weeks At no time 
were any signs of drug intolerance detected 

The third group is the largest and most important The commonest 
organisms are pneumococci and streptococci, both hsmolytic and anaerobic 
Staphylococci are much rarer (Stewart, 1929 , Weinstein, 1942) The pre- 
dominance of pneumococcal over streptococcal infections m our senes may be 
due to the fact that we were making a special study of pneumococcal menmgitis 
at the time when these cases were treated , on the other hand, before the days 
of effective chemotherapy, many cases of pneumococcal meningitis must have 
died before admission to hospital Our experience is still very limited especially 
with streptococcal and staphylococcal meningitis, but we will produce evidence 
that the nature of the organisms is of considerable practical importance The 
bacteriology and aetiology of cases is shown in Table I We have omitted 
those cases where the nature of the organisms was not proved by culture 
Except for meningococcal meningitis, %\hich seldom requires treatment 
Mth penicillin, the treatment of meningitis due to penicillm sensitive organisms 
s essentially the same whatever the infecting organism This may convem- 
ntly be considered under three headings (i) Treatment of the leptomeningitis, 
2) detection and treatment of a complicating intracranial abscess (3) treat- 
nent of the pnmary focus of infection 

I Treatment of Leptomemngitis 
We have recently descnbed our methods in full (Smith ei al , 1946) but the 
lost rmportant points in wftat wu consider ffte basic treatment of meningitis 
lay be recapitulated As a routine we use both intrathecal and systemic 
emcillin with sulphadiazme by mouth Penicillin for intrathecal use is made 
p in a solution of 2,000 u /c c and given in doses of from 8,000 to 10,000 units 
Hiring the first thirty six to forty eight hours injections should be given every 
welve hours but thereafter daily injections are usually sufficient The efficacy 
f dosage and treatment should he checked by daily bacteriological examination 
)f the C S F and estimation of its penicillin content, which, in a few patients, 
reveals that penicillin escapes unusually quickly from the C S F In these 
the frequency of injections can then be increased so that a bactenostatic 
concentration is constantly maintained 

The easiest and safest way of giving the intrathecal injections is by lumbar 
puncture About 6 c c of C S F is withdrawn for examination, and the 
penicillin then slowly injected The injection should be frequently interrupted 
by aspiration of C S F This insures that the needle is correctly placed and 
also dilutes and warms the solution The lumbar route is only effective when 
the cerebrospinal pathways are patent The earliest sign of their occlusion is 
a slowing in the flow of C S F and difficulty in aspiration dunng the injection 
This observation must be checked by repeating the tap in a higher space and 
using a wide bore needle since if it is confirmed it is an absolute indication for 
giving penicillin either by the cisternal or, preferably, by the ventncular route. 
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The intrathecal penicillin is supplemented by the oral administration oi 
sulphonamides. Sulphadiazine, in doses of 12 grammes in twenty-four hours 
is at present the preparation of choice because it diffuses freely from the blood 
into the C.S.F. It therefore reaches all parts of the cerebrospinal pathways 
including any loculi that may be inaccessible to the penicillin. It is given to 
suppress the virulence of the infection and thus to help maintain the patency 
of the cerebrospinal pathways. In any case of meningitis treatment with 
sulphadiazine should be begun immediately as this will tide the patient over 
the interval that may elapse before treatment with penicillin is started. 

Systemic penicillin is given either by continuous intramuscular drip or by 
intermittent ttu'ee-hourly injections. The minimal daily dose is 120,000 u. 
in twenty-four hours, but in certain cases, for example in the presence of a frank 
septicEeraia, this should be increased as much as 320,000 in twenty-four hours. 
We have no evidence that systemic penicillin alone can cure meningitis and its 
chief value lies in the control of the primary focus of infection and of a 
complicating septicmmia or pyaemia. 

The intrathecal penicillin must be continued for at least five days, for 
although clinical and bacteriological improvement is usually obvious after 
three day^s, the cerebrospinal fluid has probably not been completely sterilized. 
10 of the 37 patients in this series relapsed even after a full intrathecal course, 
and from our experience, if less than five days’ treatment is given the pro- 
portion that relapse increases. There is also the danger that the relapse may 
be fatal and uncontrollable. Relapse is most common within the first forty- 
eight hours after the last intrathecal injection but may occur even while the 
patient is receiving daily lumbar injections. When this happens, either the 
solucion in use has lost its activity^, or penicillin is not reaching the site 0 
infection, or is escaping from the theca unusually rapidly. Two of our patients 
relapsed even when convalescence seemed assured, and in two others isolate 
positive cultures from the C.S.F. were obtained without any concomitan 
clinical disturbance. Sulphadiazine should be given during the period in whic 
the intrathecal penicillin is withdrawal as it provides a safeguard agains 
uncontrollable relapse. 

In a relapse, rise in temperature and recrudescence of headache and malaise 
precede the reappearance of cells and organisms in the C.S.F. by as muc as 
twenty-four hours. The treatment of relapse does not differ from that 0 1^ 
initial attack and in our experience the prognosis as regards life and 
recovery is not altered, provided that each relapse is promptly reco^ize a 
treated. We would emphasize the need for vigilance and persistence in trea 1 
the severe relapsing case, as a complete cure can be obtained even w ^ 
illness lasts over three months. . f the 

Relapse may be due to inadequate treatment or to 
meninges either from the primary focus or from a small intratheca 
purulent collection. In otogenic cases, is relapse an indication for openi 
mastoid ? In only"^ one of our cases did this prove necessary'. ^ 

Case II. — R.I. 5657/44. Reinfection from the frxmary focus (Smi 
1946, Case VI). , gj.g 

A bricklayer aged 53 had a right mastoidectomy performed 
following a six weeks’ history of severe earache. The immediate pos P 
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Case III —Section through medulla and cerebellum showing a fibrino purulent collection 
withm the sheath of the right eighth nerve continuous with a small abscess in the right 
lateral recess of the fourth ventricle (arrows) Such fibrino purulent collections are 
probably the commonest cause of relapses 


[face p 
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course was smooth except that he developed a complete facial palsy, but ten 
days after operation he vomited his temperature rose and he developed signs 
of meningitis Lumbar puncture was performed and pneumococci (Type III) 
were grown on culture from the C S F Treatment with sulphathiazole was 
at once begun and t^vo days later he was transferred to Oxford On admission 
his general condition was excellent and except for the complete right facial 
palsy there were no abnormal neurological signs The mastoidectomy wound 
was healed and the ear was dry Lumbar puncture revealed an almost clear 
C S F containing only i6o cells but pneumococci were once more grown on 
culture 

He was then treated with intrathecal peniciilm and sulphadiazme but 
systemic penicillin was withheld His progress was uneventful but eight days 
after his last intrathecal injection he relapsed and cultures of the C S F again 
became positive He received a further course of intrathecal penicillin and 
sulphadiazme and again responded well Dunng convalescence he was seen 
by Mr Livingstone who advised re-expIoration of the mastoid and a facial 
nerve graft 

At operation it was found that the original operation had been incomplete 
Mr Livingstone s note states “ The antrum had never actually been reached 
There were many mildly infected cells over the dura and laterM sinus When 
the residual cells were removed, the sinus was found to be healthy, but in one 
place the dura of the middle fossa was covered with rough granulations, and 
these were thought to be the route of the entry of his meningeal infection ” 
Cultures taken from this patch of granulations grew pneumococci 

The facial nerve was then freed from all residual cells and the defect repaired 
by a graft 

He made a permanent recovery from his meningitis and when seen a year 
later was free from symptoms except for a moderate right sided deafness of 
middle ear type There was satisfactory recovery of the facial palsy 

The menmges more often become reinfected from a small intrathecal 
fibnno purulent collection as in the following case 

Case III — Reinfection from an intrathecal fibnno piirnlent collection (Smith 
et al , 1946 Case VII) 

A regular soldier aged 39 de\ eloped pneumococcal meningitis secondary 
to a right sided otitis media Both the initial attack and a relapse were 
controlled by sulphapyndine but followmg the second attack he died from an 
inhalation bronchopneumonia Examination of the brain revealed a collection 
of pus within the right auditory nerve which was continuous with a tiny 
abscess in the lateral recess of the fourth ventncle (fig I) 

Two of our patients whose meningitis was not primarily otogenic in origin 
developed a nerve type of deafness during the course of this illness This 
deafness is presumably analogous to that so often seen in the past in 
meningococcal meningitis In one of these patients at least, we presume the 
lesion was similar to that just descnbed (fig i) as her illness ran a prolonged 
relapsing course before she ultimately recovered 
Case IV— R I 36553/44 

The patient, a housewife of 52, was admitted as an emergency on the medical 
side on October 24th, 1945 About four weeks earlier she had caught a cold 
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in the head and had had a slight cough but this had not interfered with her 
normal activities. At 8 o’clock the evening before -her admission she had been 
visited by her daughter-in-law, who noticed no signs of ill-health, but during 
the night she vomited and became drowsy though restless. By the following 
morning she was semicomatose with neck stiffness and photophobia and with 
a temperature of I02°F. She was forthwith sent to hospital. 

On admission she was extremely ill. She was stuporous but any attempt 
at examination provoked outbursts of silent struggling. Her neck was very 
stiff and Kernig’s sign was positive. There were unequivocal signs of con- 
solidation at the base of the right lung. Lumbar puncture showed an unusually 
purulent fluid (25,000 cells per c.mm.) which was swarming with pneumococci. 
Blood culture was also strongly positive. _ 

Treatment was begun with intrathecal and intramuscular penicillin and 
sulphadiazine, but bj'^ the same evening the flow of C.S.F. was so sluggish that 
bifrontal burrholes were made and an intraventricular injection of penicillin 
given. Thereafter she steadily improved but on recovering consciousness was 
found to be deaf in the right ear and to have rapid poorly sustained nystagmus 
on looking to the left. She was also retentive of urine, and both ankle-jerks 
were absent. 

On the eleventh day, while she was still receiving daily lumbar injections 
of penicillin, her temperature which had previously fallen, rose suddenly to 
i 03°F. ; she complained of headache and her neck was again stiff. Lumbar 
puncture the same evening showed the cells of the C.S.F. had risen from 66 to 
2,500 in ten hours. The frequency of the intrathecal injections was increased, 
and her s5miptoms subsided. This was the first of seven relapses, most of 
which followed attempts to withhold intrathecal penicillin. No focal signs 
Avere ever detected except the right-sided deafness Avith nystagmus and the 
mild cauda equina s5mdrome. There was never any discharge from the ear 
and Mr. Macbeth, AA^ho saAv the patient on sev’-eral occasions, only found evidence 
of a transient otitis media and pan-sinusitis. He considered this part of her 
initial respiratory infection, and in no Avay responsible for the relapses and that 
there Avas therefore no indication for operation. 

Unlike our other relapsing cases, in this case each relapse AA-as milder than 
its predecessor and none Avas comparable in severity to the initial attack. The 
last relapse was treated Avith sulphamezathine only, as she had developed an 
intolerance to sulphadiazine (Total ; sulphadiazine — 136 grammes, sulpha- 
mezathine — 141 grammes). FolloAving this, recovery Avas permanent and 
she has noAV no residua from her long and trying illness except a moderate 
right-sided deafness of inner-ear type. The whole illness lasted thirteen Aveeks. 

This case presents several points of interest ; 

{a) The C.S.F. at the onset of the illness Avas exceptionally purulent (25,000 
cells/c.mm. and over r,ooo mg. of protein/c.c.). As might be expected under 
those conditions, a cerebrospinal block threatened to develop during the first 
twenty-four hours of her illness. This necessitated an intraventricular injection 
of penicillin. The folIoAving day the signs of incipient block had disappeared, 
and treatment could be continued by the lumbar route. 

(6) A mild cauda equina syndrome developed during the first thirty-six 
hours of the illness and recovered after eight Aveeks. Both this and the nerve 
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deafness were probably due to the deposition of fibrino-punilcnt material 
round the nerve roots, as there was no correlation between the appearance and 
disappearance of the symptoms, and the lumbar administration of peniciiJm 

(c) During an illness lasting thirteen weeks the patient relapsed seven 
times The earlier and more severe of these occurred while lumbar penicillin 
was already being given and were treated by increasing the frequency of the 
intrathecal injections The later and milder relapses followed attempts to 
withhold intrathecal penicillin and were treated by giving a further course 
of injections, until the last which was successfully treated with suJphamezathine 
alone 

(ff) Finally, this case illustrates the reversal in prognosis Before the 
introduction of chemotherapy pneumococcal pneumonia complicated by 
septicaemia and meningitis was a lethal disease (Osier's Textbook of Jledicme 
1937) Now, with penicillin and sulphonamides, full recovery can be achieved 

Precautions tn use of penicillin intrathecally — Treatment with intrathecal 
penicillin is not without its dangers Of the four chief risks three are common 
to all cases of menmgitis while the fourth is particularly apposite m those cases 
which follow infection of the ear or nose 

(1) The brand of penicillin must be suitable for intrathecal use As soon 
as a non irritating preparation has been secured it should be set aside for 
treatment of meningitis The best at present available is crystalline penicillin 
2 (Glaxo Ltd } 

(2) Excessive dosage (40,000 u or over at a single dose), especially when 
concentrated solutions are used, is capable of producing severe cerebral 
reactions, or, when given by lumbar puncture, damage to the cauda equina or 
gumming of the subarachnoid space This last is particularly unfortunate as 
the most convenient route of access is then no longer available 

(3) There is a very definite risk of introducing secondary infection, especially 
when frequent relapses demand a large number of injections For this reason 
the penicillin solution should be put in small quantities and each container 
only used once A strict aseptic technique m preparation of solutions and in 
lumbar puncture is imperative 

(4) Theie is a danger in doing repeated lumbar taps on any patient with 
high intracranial pressure This is probably negligible except when the 
meningitis is complicated by an abscess, when it is considerable This com- 
bination of meningitis and abscess is particularly common in cases secondary 
to infection of the ears or nose 

Finally the closest observation and the best of nursing care arc essential 
to success (Smith, Day and Welch, 1946) " You may hope to push the patient 

through, but to do so you must watch him hour by hour (Watson, 184S) 

2 The Detection and Treatment or a Complicating Intracranial 
Abscess 

Intracranial abscess and leptomeningitis are both well known complications 
of otitis and sinusitis, and each has its own distinct sy mptomatology Formerly 
we knew of cases where a cerebellar abscess was complicated by meningitis, and 
of others where a terminal meningitis and ventnculitis arose as a complication 
of abscess of tlie cerebral hemispheres But since we have been treating 
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meningitis with penicillin we have met cases in which meningitis and intra- 
cranial abscess appear to develop together. The clinical picture may then be 
so dominated by the signs of meningitis that the abscess is not suspected until 
the patient, 'instead of making the expected response to intrathecal penicillin, 
becomes moribund from raised intracranial pressure. 

Case Y. — R.I. 25905/44. 

The patient, a child of 12, came under our care in the early days of penicillin 
therapy and before we were aware of this particular combination of abscess and 
meningitis. Thirteen days before she had been admitted to hospital elsewhere 
vdth an acute infection of the ethmoid and sphenoidal sinuses complicated 
by an orbital cellulitis. She was treated with sulphathiazole in doses of 
6 grammes in twenty-four hours. The infection persisted and on several 
occasions she vomited and complained of headache. After twelve days the 
ethmoid sinuses were curetted and the same evening she developed signs of 
meningitis. Lumbar puncture yielded a turbid fluid in which streptococci 
were identified and the day after operation the child was transferred. to Oxford. 

On admission she was delirious and extremely ill, with marked meningeal 
signs. There were no focal signs except right-sided proptosis. Lumbar 
puncture was performed. The C.S.F. was purulent and the pressure well above 
300 mm. of water. 25 c.c. were withdrawn and 10,000 u. penicillin in 10 c.c. 
injected. After the needle was withdrawn, C.S.F. leaked through the skin 
puncture for several minutes in spite of firm pressure. Following lumbar 
puncture she rapidly grew worse and four hours later she died. Autopsy 
revealed a large abscess occupying the right frontal pole. 

We have now seen 8 such cases of simultaneous abscess and meningitis ; 
4 were otogenic and 4 followed pan-sinusitis. Of the' latter 4, in 3 there was 
a history of severe, acute sinusitis, while in the fourth the intracranial infection 
followed a chronic sinusitis with osteitis of the skull. In 2 there were signs of 
orbital cellulitis. Of the otogenic cases, in one no adequate history could be 
obtained ; in one there was a six weeks’ history of earache, the tympanic 
membrane was very thick and scarred with a small anterior attic perforation 
and offensive purulent discharge ; in the third there was a definite history of 
previous attacks of otitis ; and in the fourth the abscess developed in a pre- 
existing brain fungus. It is thus possible that the abscess really predates the 
meningitis, although clinically they appear to develop simultaneously. The 
clinical detection of a complicating abscess may be extremely difficult especially 
as in none of our cases was any definite papillcedema detected. 

In our experience the most important clue in diagnosis is the bacteriology 
of the infection. In our 26 cases of pneumococcal meningitis secondary to 
ear and nose infections, only 2 were complicated by an abscess. By contrast, 
among 9 cases of streptococcal meningitis an abscess was present in 5. An 
abscess was also found in our one case of otogenic staphylococcal meningitis. 
This same correlation between the bacteriology and abscess formation is seen 
in our cases of meningitis from other sources (fig. 2). The type of streptococcus 
was not determined in every case, but there is some indication that abscess is 
commonest in the anaerobic streptococcal infections (Cairns and Schiller, 
to be published). The abscess may be intracerebral or subdural or both, but 
wherever it is its detection is imperative since not only does the abscess itself 
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demand prompt surgical treatment but the meningitis must be treated by 
mtrav'entncular penicillin instead of by the routine lumbar injections Owing 
largely to the difficulties m diagnosis we have not yet succeeded in saMng any 
of our otogenic cases of simultaneous meningitis and abscess We have, 
houever, been successful in two cases secondary to sinusitis 

Case VI — R I Illusirahng the diagnostic 'Problem of simultaneous meningtits 
and abscess 

A storekeeper of 47 was admitted to hospital as an emergency under the 
care of Mr Livingstone For the past fifteen years he had suffered from 
intermittent attacks of mild right-sided earache associated ^^th a thin watery 



The incidence of a complicating intracranial abscess m the different bacteriological varieties 
of meningitis both m the cases forming the present senes and in those of meningitis from 
other sources 


discharge Ten days before admission, the pain and otorrhcea returned, but 
later the discharge ceased and the pain became much worse Twenty-four 
Iiours before admission he had a rigor and his temperature rose steeply 

On admission he was in considerable pain from his ear, his neck was a little 
stiff and his temperature just over loo'T The right external auditory 
meatus was filled with thick pus Lumbar puncture revealed a cloudy fluid 
under a pressure of 240 mm of water No organisms were seen on the films 
and cultures were sterile Treatment with sulphadiazine was begun and a 
few hours later a right radical mastoidectomy was performed, and an extradural 
abscess opened The middle fossa was \videly exposed until healthy dura was 
found The wound was closed with drainage 
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Following operation he steadily improved and nine days later began getting 
up. In the early hours of the tenth day the symptoms of meningitis returned 
with increased severity. The C.S.F. was found to be frankly purulent and to 
contain a number of streptococci. By 2.30 p.m. he was delirious and very ill 
with gross meningeal signs. .No definite focal signs could be discovered on 
neurological examination. Treatment with intramuscular and intrathecal 
penicillin was begun but the lumbar C.S.F. was now so thick and the flow so 
sluggish that intraventricular injections were indicated. Accordingly bifrontal 
burrholes were made and the left lateral ventricle tapped. Here the pressure 
was found to be 500 mm. of water and about 30 c.c. of purulent fluid were 
withdrawn. The right ventricle was only found with difficulty and appeared 
collapsed. In the light of later experiences this finding should have been 
interpreted as indicative of an abscess but this was the first of our cases of 
simultaneous abscess and meningitis, nor were we aware at that time of the 
prevalence of abscess in streptococcal infections. An intraventricular injection 
of penicillin was therefore given and nothing further was done. The patient 
died quite suddenly about six hours after operation, and autopsy revealed, in 
addition to the leptomeningitis, a large subdural collection of pus overlying the 
right temporal lobe and in relation to the dura over the tegmen tympani. 

In order to detect this difficult group of cases the procedure should be as 
follows : 

As soon as meningitis is suspected in a patient who has well-marked signs 
of otitis or sinusitis he or his relatives should be questioned as to previous 
attacks and the patient then carefully examined for focal signs. A lumbar 
puncture is then cautiousl}'- performed, the initial pressure of the C.S.F. is 
measured and 4 to 5 c.c. slowly withdrawn. Cultures are set up and a Gram- 
stained film immediately examined. If pneumococci are recognized, and the 
C.S.F. is running freety, a lumbar injection of penicillin is given and the patient 
treated on the lines ahead}' described. If, however, streptococci are seen, 
an intracranial abscess should at once be suspected, and suspicion is greatly 
strengthened if the C.S.F. pressure is far in e.xcess of 300 mm. of water or if 
focal signs have been elicited*. A lumbar injection of penicillin may be 
given at the time of the diagnostic tap, but the presence of an abscess must 
then be confirmed or excluded by ventricular estimation or ventriculography, 
since penicillin makes ventriculography safe even in the presence of an active 
infection. 

If no abscess is found the meningitis is treated in exactly the same way as 
pneumococcal meningitis. The sensitivity of the organism to penicillin 
should be assessed as some strains of streptococci are relatively resistant. 
Nevertheless, we have not yet needed to exceed our usual range of dosage. 

If an abscess is found it must be dealt with surgically in order to prevent a 
fatal rise in intracranial pressure. 

Cerebral abscess . — If the rise in pressure is due to the actual accumulation 
of pus, rather than to oedema, the abscess should be aspirated and penicillin is 

* Focal signs do not always indicate an abscess, but may be caused b}' cerebral thrombo- 
phlebitis. Thus in one of the cases m this series the patient developed a left hemipl^ia 
and left homony'mous hemianopia. Abscess was excluded by ventriculography. The 
whole of the intrathecal penicillin was given by lumbar injection, and recovery was complete. 
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then instilled into the abscess cavity Thorotrast may be injected at the same 
time, as it does not inactivate penicillin and facilitates subsequent management 
(Pennybacker, 1945). A more concentrated solution of penicillin is indicated 
for instillation into an abscess cavity than is advisable for intrathecal injections, 
and ^ve use a solution of 10,000 u /c c as opposed to our standard intrathecal 
solution of 2,000 u /c c The exact amount nmII to some extent depend on the 
size of the abscess cavity, but is usually i to 3 c c If there is abundant pus, 
aspiration will be enough to control the nse in pressure, but if onlj a small 
quantity can be aspirated, the intracranial pressure must be controlled b}' 
ventricular taps or drainage If this too fails the patient will require a decom- 
pression over the abscess, as unless the nse in pressure is relieved he will die 
but m the presence of meningitis wide opening of the dura should be a\oided if 
possible since the raised intracranial pressure will produce great herniation 
with corresponding increase in destruction of the brain (Falconer and Russell 
1944 . Holboum, 1944) 

Stihdural abscess — \ subdural collection of pus is dealt with by the insertion 
of fine rubber catheters through suitably placed burrholes Through these 
catheters, which are left open, pus is aspirated and penicillin instilled The 
subdural space does not retain penicillin like the subarachnoid, and four to 
six-hourly injections are therefore needed The number of burrholes required 
vanes, but in one of our successful cases no fewer than five had to be made in 
order to ensure access to the whole of the subdural collection When the limits 
of the subdural abscess have been defined, two further burrholes should be 
made through which the intraventricular penicillin can be given without 
passing the brain needle through the infected area 

The concomitant leptomeningitis is controlled by intraventricular injections 
of penicillin These are begun when the diagnostic ventncular tap is performed 
and continued either by intermittent taps or if the ventncic is being drained 
by instillation through the catheter The same scale and frequency of dosage 
IS used as with lumbar injections but unless the intracranial pressure has been 
adequately lowered by aspiration of the abscess or other means no attempt 
must be made to treat the meningitis by the lumbar or cisternal route These 
are not only useless but highly dangerous The pressure of the abscess distorts 
the subarachnoid channels at the tentorial opening and elsewhere and maj 
prevent the penicillin from reaching the ventricles or spreading upwards over 
the hemisphere (Cairns, Duthie, Lew in and Smith 1944) Moreover a lumbar 
or cisternal puncture carries a very real risk of producing a fatal pressure cone, 
nor is this risk lessened by an injection of penicillin 

In those cases of streptococcal meningitis where the patient’s general 
condition ic good when there are no focal signs or clinical evidence of an 
excessive rise in intracranial pressure, and where the C S F pressure is under 
300 mm of water it is probably justifiable to institute treatment by the 
lumbar route provided the patient is closely watched for signs of nsing intra- 
cranial pressure and provided also that full facilities exist for immediate 
ventricular puncture should the need arise Even so an abscess may be missed 
We have had 2 patients who fulfilled the above cnteria and yet were later 
shown to have a small abscess The danger signals are a progressive rise or 
fall in the pulse-rate periodic respiration and an increase in stupor The need 
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for constant observation cannot be exaggerated, and while the possibility of 
abscess exists these cases really demand the whole of the surgeon’s time and 
attention. 

Our experience unth staphylococcal meningitis is ver}’ limited, but the fact 
that 2 out of our 3 cases have been complicated by abscess suggests that 
staphylococcal and streptococcal meningitis present similar problems. 

3. Treatment of the Primary Focus of Infection 

Since the time of Gowers (1888) immediate surgical drainage of the primary 
focus of infection has generally been considered axiomatic in the treatment of 
otogenic meningitis. Valuable as sulphonamides are in the treatment of 
meningitis, opinion is still divided as to whether or not they have lessened the 
need for immediate operation on the primary focus. Thus Watkyn-Thomas 
(1941) defined the principles of treatment as : (r) Elimination of the primar}^ 
focus ; (2) drainage of the subarachnoid space , (3) appropriate counter- 
medication. 

Now that penicillin is available the place of operation in treatment should 
be re-assessed by otologists, and in this connection our experiences in con- 
junction with our otological colleagues may be of interest. Our series of 21 
cases of otogenic meningitis has been analysed according to the incidence and 
time of operation, the history, the recovery rate and cause of death (Table II). 


T.-tBLE II 

T\^'ENTY-ONE CASES OF OTOGENIC MENINGITIS SHOWING THE TIME- 
RELATION OF OPERATION ON THE EAR TO THE COURSE OF THE ILLNESS, 
THE PREVIOUS HISTORY, THE RESULT AND THE CAUSE OF DEATH 


Operation 

Jfastoidectomy before menin- 

No. of 
cases 

Previous 

otitis 

Re- 

covered 

Died 

Cause of Death 

gitis .. 

Mastoidectomy at height of 

3 

2 

2 

I 

Abscess 

meningitis 

Jlynngotomy at height of 

3 

l(?2) 

2 

I 

Heart failure and in- 
halation pneumonia 

meningitis 

Mastoidectomy during con- 

I 

1 

3 

0 


valescence 

2 

1 

2 

0 

— 

No operation 

13 

4 

9 

4 

( 1 ) Delay in chemo- 
therapy, (11 and 111 ) 
abscess, (iv) acute 
cerebral cedema 


One patient (Case II) had two operations. Previous otitis=a previous historj^ of infection 

of the ear 


In 3 cases mastoidectomy failed to prevent the development of meningitis 
several days later, though in one the operation was admittedly incomplete. 
It is possible that a prophylactic course of systemic penicillin, given either alone 
or with sulphonamides, over the period of operation might prevent the 
development of meningitis in such cases, since a protective action has been 
claimed for sulphonamides alone (Weinstein, 1942). 
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Three patients had been operated upon at the height of the meningitis 
before they came under our care In the 2 ^\ho recovered mastoidectomj 
preceded the institution of penicillin therapy by three days and three weeks 
respectively In neither had it had any apparent effect on the meningitis 
which was already partially controlled by sulphonamides In the fatal case 
mastoidectomy was performed immediately before penicillin therapy was 
begun The patient had a stormy time dunng operation , he stopped 
breathing, and w as ^vlth difficulty resuscitated The following day he developed 
heart failure and died A severe inhalation pneumonia w’as found at autopsy 

The smgle case in which an emergency mynngotomy was done was one of 
fulminating pneumococcal meningitis 

Case VII — R I 23632/44 (Falconer et al , 1946 Case III) 

The patient, a schoolboy of 15, had an attack of nght-sided otitis media 
in December 1943 This responded well to sulphonamides and he returned to 
school the followng term At 4 p m on April 14th, 1944, he had a recurrence 
of his earache and his temperature rose to 102 5®F The ear was examined 
and though the tympanic membrane was reddened no indication for operation 
was found He was given 2 grammes of sulphadiazine and thereafter received 
I gramme every four hours Next morning at 4 a m he awoke complaining 
of headache and vomited by ii 30 a m he was delirious and had considerable 
neck rigidity, the tympanic membrane was bulging He was transferred to 
a nursing home where at 2 30 p m a myringotomy was performed and a fair 
quantity of pus released without any effect on his general condition Since 
he was by now unable to swallow the sulphadiazine was continued by 
intramuscular injection 

By 5 30 pm he was desperately ill there was pronounced head retraction 
he was cyanosed, and his respirations which had nsen to 40 per minute were 
interrupted by bursts of hyperpncea when the rate would rise to 60 or even 70 
He was mute and restless and any interference provoked paroxysms of violent 
but silent struggling There was a nght facial weakness of lower motor 
neurone type, but no other focal signs Lumbar puncture yielded turbid fluid 
under a pressure of over 300 mm of water and an examination of a smear of 
C S F showed Gram positne diplococci Pneumococcus Type 14 was grown 
on culture 

At 7 p m , when he came under our care, he seemed %n extremis At this 
stage treatment was begun with intrathecal and intramuscular injections of 
penicillin At 8 p m he was seen by Mr Livingstone who advised against 
further operation on the ear 

During the next twenty-four hours there was little change in his general 
condition except that the rapid deterioration ceased X rays taken of his 
mastoids showed evidence of an acute mastoiditis on the right side Twenty- 
four hours after treatment wath penicillin was begun his temperature fell and 
thereafter his reco\ery was rapid and complete During his illness he was 
again seen several times by Mr Livmgstone who was fully satisfied with the 
progress of the ear \Vlien discharged from hospital, all the clinical and radio- 
logical evidence of infection had disappeared When last seen, two years after 
the meningitis there had been no recurrence of symptoms m the right ear 
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though a few weeks before this he had a mild attack of left-sided otitis 
media. 

Thirteen patients had no operation. As soon as supplies of penicillin were 
adequate, all received from 120,000 to 320,000 u. daily by intramuscular 
injection, in addition to their intrathecal penicillin and oral sulphadiazine. 
This was continued .until the active infection had subsided. Although there 
were four fatalities, in no case would the outcome have been altered by operation 
on the ear. One infant died a few hours after treatment was begun ; here 
delay in instituting chemotherapy was the decisive factor. Two died from 
intracranial abscess and one from acute cerebral oedema. In the other g cases 
not only was recovery from the meningitis complete but there has been no 
return of the aural symptoms. Mr. Macbeth and Mr. Livingstone have seen 
most of these patients and, except in one (Case II), they have not advised 
operation. Only 2 of these 9 cases relapsed, and in both the intrathecal course 
of penicillin had been incomplete. The following case is an example of control 
of the primary focuS without operation. 

Case VIII. — R.I. 20891/44. 

The patient, a schoolboy of ii, had alwa3fs been a backward child. Three 
years earlier he had begun to suffer from recurrent attacks of right-sided otitis. 
From time to time he would complain of earache, then after a few days the 
ear would begin to discharge and the pain would cease. On May 14th, 1944, 
he developed a cold in the head and a purulent discharge from the right ear. 
Fourteen days later he complained of headache, grew drowsy and restless, and 
his parents noticed that his head was retracted. These symptoms all steadily 
increased and after five da5^s he was admitted to hospital elsewhere. A lumbar 
puncture was performed and haemolytic streptococci grown from the C.S.F. 
Treatment with sulphathiazole was begun and the following da}^ he was 
transferred to Oxford. 

Examination at that time showed an ill, wasted child with spina bifida, but 
no cauda equina symptoms. He was semiconscious and at times would 
scream with pain from the intensity of his headache. Head retraction and 
opisthotonus were so marked that he had considerable difficulty in swallowing. 
Upward movement of the eyes was limited but no other focal signs were found 
on neurological examination. There was no mastoid tenderness but thick 
offensive pus, from which a Staphylococcus aureus was cultured, was welling 
through a perforation in the right tympanic membrane. X-rays of the 
mastoids taken three days later showed sclerotic bone with a few small cells 
and an opaque antrum. 

Treatment with sulphadiazine and intramuscular penicillin was begun 
immediately. In view of the possibility of a complicating brain abscess, the 
lateral ventricles were tapped through frontal burrholes. Both were found 
to be dilated which made the presence of an abscess unlikely. On culture, 
Staphylococcus aureus was grown from the ventricular and B. luemolytic 
streptococcus from the lumbar fluids. Intrathecal penicillin was given by ven- 
tricular and lumbar injections and he made a slow but satisfactor)' recover}' 
from his meningitis. 

Mr. Macbeth saw this patient in acute phase of the illness and in view of our 
past experiences he thought it justifiable to await developments before advising 
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operation This course was fulty justified by subsequent e\ents Si\ days 
later the perforation had healed and by the time the meningitis was fully 
controlled Mr Macbeth declared himself satisfied with the ear Follow up 
studies during the subsequent eighteen months sho\\ed recovery both from 
the meningitis and the otitis to be complete 

Two patients were operated on dunng convalescence The first vas the 
patient on whom complete mastoidectomy was performed some weeXs after 
a relapse of the meningitis (Case II) The second was a girl of 14 who developed 
an acute right sided mastoiditis two months after she had apparently made 
a complete recovery from an attack of pneumococcal meningitis secondary 
to a mild nght otitis media Mastoidectomy was performed elsewhere, and 
a pure culture of Staphylococcm aureus grown from the pus Though the 
relation between the original otitis media and the mastoiditis is therefore 
uncertain, operation early in convalescence would have prevented the second 
attack 

Our successful cases in which no mastoidectomy was performed include 
examples of chronic otitis as well as of recurrent (Cases \TI and VIII) and 
acute otitis In every case the ease with which the mitial attack of meningitis 
was controlled was approximately the same Nor did the 6 patients who had 
had a mastoidectomy done before they came under our care respond better 
to treatment than those who had not In fact, in i fatal case the stress of 
aniesthesia and operation at the height of the meningitis probably prejudiced 
the patient’s chance of recovery 

Though we have thus no evidence that operation is of value in treatment 
of the acute phase of the meningitis, it sometimes has a place in the treatment 
of the relapsing case That the meninges can be reinfected from the primarj 
focus is certain (Case II), but what is not known is how frequently this occurs 
Evidence is accumulating that reinfection from an intrathecal fibnno purulent 
collection (Case III) is the commoner mechanism Dunng treatment of a case 
of meningitis whether otogenic or secondary to sinusitis, in which re)apse 
follows relapse, the idea of an active pnmary extrathecal focus which is con- 
stantly reinfecting the meninges is very difficult to resist Ncv'crtheless in 
our experience, attempts to stop relapse by operative treatment of extradural 
sources of infection have been disappointing 

Whether early operation is necessary in order to preserve heanng is not a 
matter for us to decide It is, however, interesting that while several of our 
patients have been slightly deaf on first recovenng consciousness in only 2 
has this been permanent In neither case was the meningitis otogenic and 
m both the deafness was of nerve type 

Our experience VMth penicillin thus suggests that mastoidectomj need no 
longer be performed as an emergency m cases of otitic meningitis In this 
connection it is interesting that work done on experimental pneumococcal 
infections in animals shows that general aniesthesia (alcohol ether and avertm) 
inhibits the activity of the leucocytes and allows the organisms sev eral hours 
m which to multiply unchecked (Pickrell 1938) 

Once the meningitis has been cured, whether mastoidectomy is still required 
and whether this depends on the chromaty of the otitis are questions which 
must be answered by the otologist It is likely that the answer may be most 
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easily found from study of cases of otitis uncomplicated by meningitis. It is, 
however, clear from the observations made by our otological colleagues on 
cases in this series that, at least in the acute case, full recovety can be attained 
by systemic chemotherapy. In any case, the patient is dying not from the 
mastoiditis but from his meningitis. Prompt and adequate treatment of the 
meningitis must therefore take precedence over other therapeutic measures. 

The treatment of acute sinusitis is less debatable. Adequate doses of 
penicillin can control the infection, even when this is complicated by frank 
osteitis of the skuU. Even if this becomes reactivated after withdrawal of 
the systemic penicillin it can be dealt with at leisure after the meningitis is 
controlled. 

When meningitis follows a fracture through the sinuses with tearing of the 
dura, the dural defect should be repaired as soon as the patient has recovered 
from his meningitis (Cairns, xg^y). Similar treatment is not so often required 
for fracture of the petrous bone with tear of the overlying dura. 

Results 

In our 37 cases there have been 26 recoveries and ii deaths (fig. 3). Up 
to the present time the prognosis has usually been considered best in cases 
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Table showing the causes 
of death. 


of streptococcal and worst in cases of pneumococcal meningitis (Hutchison, 
1942 ; Weinstein, 1942). Our results are very different. Out of 26 cases of 
pneumococcal meningitis, 20 recovered, while out of 9 cases of streptococcal 
meningitis, only 5 recovered (fig. 4). The reason for this difference in the 
prognosis is apparent when the causes of death are considered (fig. p). A 
complicating abscess is the commonest cause of death, and the combination 
of abscess and meningitis is most common in streptococcal infections. In our 
6 fatal cases of pneumococcal meningitis, in 2 only was death due to abscess 
formation. . Three patients died from delay in instituting chemotherapy, and 
I a traumatic case, from fat embolism while recovering from his menm^tis. 
Although we have not yet been fortunate enough to cure a patient in w om 
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meningitis and abscess foIlo^ved disease of the ear, our successes ^\ith cases 
secondary to smusitis encourage us in the belief that no patient is too iJl to 
recover with chemotherapy and suitable surgical intervention 

SUi/lfARV 

Otogenic meningitis and meningitis secondary to infection of the nasal 
sinuses are considered together, since the problems of treatment are similar 
Such cases fall into three main groups (i) Those m which no organisms are 
recovered from the C S F , (2) those due to organisms which are relatively 
or totally resistant to penicillin , (3) those due to penicillin sensitive organisms 
A series of 37 cases (Table I), of which all but one fall into the third group 
IS descnbed The predominating organisms vv ere pneumococci and streptococci 
The basic treatment of purulent meningitis with penicillin is bnefly recapitu 
lated, the mechanism of relapse discussed, and the hazards associated \\ith 
the administration of penicillin intrathecally are pointed out 

Eight cases have been encountered m which the meningitis was complicated 
by an intracranial abscess Diagnosis of the abscess is difficult, since both 
abscess and meningitis appeared to develop simultaneously, but its detection 
and immediate treatment are imperative This combination of abscess and 
meningitis is seen most often in streptococcal infections In our total senes, 
out of 38 cases of pneumococcal meningitis, only 2 were complicated by an 
abscess, while out of 10 streptococcal cases, a concomitant abscess was present 
in 6 

The treatment of the primary focus of infection is discussed since the use 
of systemic pemcillm demands reassessment of the place of emergency 
mastoidectomy m the treatment of otogenic meningitis In 21 otogenic cases 
with 15 recoveries only 2 patients had a mastoidectomy at the height of the 
ctKfTcetfftttff , rs p'Stcci'tts iVac? rrcr <fn AVe esr, 

completely from both the meningitis and the otitis In none of the fatal cases 
could mastoidectomy have saved the patient s life, and in fact, operation vvith 
general anesthesia may tip the scales against the patient when perfonned 
at the height of an attack of meningitis Whether operation is still necessary 
once the meningitis has been controlled is a matter which must be decided by 
the otologist 

In the present series of cases the results with pneumococcal have been 
better than with streptococcal meningitis owing to the frequency with which 
the latter disease has been complicated by intracranial abscess 

Finally vve would like to thank our colleagues Mr Macbeth and Mr. 
Livingstone, for allowing us to treat their cases and for the help they have 
given us with our own cases 
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Mr. j. Eric Paterson : My observations are based on material treated 
in the Neurosurgical Unit at Killearn Hospital, near Glasgow. The Unit was 
established four 5^ears ago, and the material includes therefore cases treated 
before and after the advent of penicillin. It is selected material ; most of 
the cases have been referred, either from an otologist or from a fever hospital, 
because progress was unsatisfactory, because some such complication as brain 
abscess was feared, or because it was felt that penicillin administration by some 
special route, such as into the ventricle, should be carried out. 

In our penicillin cases we have had only 6 patients with uncomplicated 
otitic meningitis, that is, unassociated with other intracranial lesions such as 
brain abscess. Two of the 6 cases died, both had been sent in late. 

The siilphonamides in acute otitic meningitis. — YJe give a course of sulphona- 
mide in every case in very large doses. Until recently we used sulphamezathine 
since with this drug the risk of renal complications is very small ; but since 
Kremer, Phillips and Stanier (1945) showed that it was most difficult to obtain 
with it an effective concentration in the cerebrospinal fluid we have used 
sulphadiazine, with which the concentration has been shown to reach 60 to 
80 per cent, of the blood level. We have not yet experienced renal crystallization 
or agranulocytosis. We give a dose of 5 grammes and continue with 3 grammes 
four-hourl}^ for the first twenty-four hours, followed by 2 grammes four-hourly 
for a week, when we allow one to two days to elapse without sulphonamide 
before beginning another such course, if this is thought advisable. Mflien a 
sulphonamide is used alone — ^and it must not be forgotten that meningitis may 
result from a penicillin-resistant organism — the risk of sulphonamide poisoning 
must be balanced against the risk of a fatal ending in these grave cases. 
Following the lead of Mr. Norman Dott we have deliberately taken this risk. 

I know of one patient in whom, over a period of three weeks, a total of 318 
grammes was administered, with final recovery ; that is, an average dose of 
2-1 grammes everj;^ four hours throughout. 

There were some excellent results in pre-penicillin days in streptococcal 
infections. One case of chronic otitis media which sustained a fracture through 
the petrous bone had acute meningitis with pus under the temporal fascia. 
Recovery was rapid after sulphonamide administration and a mastoid operation. 
Penicillin therapy. — Our intrathecal doses have hitherto been generally not 
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more than 40,000 units daily, but I shall increase the dosage in the light of 
what has been said, particularly now that the drug is available in an increaSingl}' 
pure form Penicillin reactions have occurred in a few of our cases several 
patients complained of pain m the feet, which disappeared when the intrathecal 
injections were stopped This we ascnbed to an imtation of the cauda equina 
Two cases ran a mild temperature, which fell at once to normal when the drug 
was withdraw 

Intraventricular penicillin is given when there are signs of a cerebrospinal 
fluid block, but patients with obstructive hydrocephalus, sent to the neuro- 
surgeon late, do badly , treatment must be prophylactic, early For instance, 
a girl of 8 was admitted from a fever hospital She had papillcedema, bil^eral 
Vlth and right Vllth nerve palsies Ventriculograms showed a large hydro- 
cephalus , the fourth ventricle was dilated, but the gas had failed to pass into 
the cisterna magna or forward along the base She died sixteen days after 
admission , intrathecal, intraventricular and systemic peniciUm was powerless 
to deal with the obstruction at the foramina of Luschka and Magendie 

But these foramina are small in size, and there are cases where, lU the 
absence of signs of cerebrospinal fluid block, penicillin given intrathecally 
may be much less effective than when given by the ventncle We have only 
very recently begun to estimate the cerebrospinal fluid bacteriostatic level, 
but the result is not available immediately, and it would seem wise to begin 
ventricular administration as soon as the sample of fluid has been taken, 
without waiting for the result Here js a case which illustrates the importance 
of giving intraventncular pemciliin m the apparent absence of obstruction 
A girl of 7 was admitted a week after an acute head injury There were a 
cerebrospinal fluid otorrhoea and a staphylococcal meningitis Under systemic 
and intrathecal penicihm she continued to mn a tempeiatme tor three weeVs 
with varying, but often high, cerebrospinal fluid cell-count, while her general 
state deteriorated Finally, when the count rose to 2,400. ventriculography 
was done This disclosed ventricles which were normal in size, without any 
evidence of obstruction throughout the cerebrospinal fluid pathways Intra- 
ventricular penicillin was started at once and the temperature fell to normal 
two days later , recovery was uneventful 

Reaction to intraventricular pemctlhn — Johnson and Earl Walker (J945) 
desenbe the case of a boy of 22 months who was given a dose of 50,000 units 
by this route He became unconscious and so collapsed that his blood 
pressure could not be estimated Three hours later he had a generalized 
convulsion, and this latter was repeated, without loss of consciousness, when 
he was given another injection three days later In the case of the little girl 
just described there was likewise a considerable degree of collapse, without 
any convulsion , fortunately this is the only example we have had in our 
senes It is to be anticipated that such disturbances will become less frequent 
as the drug becomes available m purer form 

Cisternal penicillin — Little need be said about administration into the 
cistema magna Its place must be very limited indeed Speaking as a 
neurosurgeon, I know I should much rather inject the drug into a ventricle 
than try to tap a cistema magna in a child with pronounced opisthotonos 
However, I have notes of one case of pneumococcal infection in which a spinal 
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block developed, and which made an excellent recovery with intracistemal 
penicillin. 

Systemic penicillin. — Systemic administration is a most important part of 
the treatment of these cases ; the difficulty is to know how long to continue 
the drug by this route ; usually we play for safety and continue possibly 
longer than we need to. But we must not exaggerate the efficacy of systemic 
penicillin in acute meningitis or agree uith Reese (J 944 ) when he states that 
intrathecal penicUlin is never necessary, since the drug is excreted into the 
cerebrospinal fluid in bacteriostatic concentration when the choroid plexuses 
are rendered more permeable by the disease. As the work of Professor Cairns 
and his associates has shown, in pneumococcal meningitis only traces of penicillin 
appear in the cerebrospinal fluid after the systemic injection of even verj' 
large doses. 

I agree with Professor Cairns that operation on the infected ear should not 
be carried out in the acute phase of the meningeal infection before this is under 
control. In systemic penicillin we have a most potent weapon in the control 
of the spread of the infection from the primary focu.« to the meninges, and we 
must exploit it to the full. Operation under general anaesthesia may well 
turn the scale against recovery ; and operation under local anesthesia must 
\>’t pWiwvA- P-wt ’remfect.vM. o-f 

meninges ma}' readily occur, and if operation is indicated it should be carried 
out as soon as acute infection has been overcome, while the patient is still on 
his initial course of systemic penicillin. 

Rigid asepsis in intrathecal and intraventricular administration is of extreme 
importance. — In the past three years, I have treated three cases of staphy- 
lococcal meningitis following lumbar puncture. Two of these followed spinal 
anesthesia, and there were two deaths in this small series. 
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Mr. R. G. Macbeth said that Dr. Honor Smith and Professor Cairns had 
Lsked him to comment on the otological aspect of their communication. It 
s'as obvious that with the coming of penicillin therapy otologists must accept 
L greatly changed outlook on the question of when or even whether they' should 
>pen mastoids in the presence of otogenic meningitis. One thing which did 
merge was that the mastoid operation need no longer be a matter of great 
irgency. One could safely delay'^ doing a mastoid operation until the meningitis 
vas under control, and the patient therefore more flt for operation. 

In acute cases it seemed necessary only to do the simplest operation pro- 
ductive of drainage of the middle-ear cleft. Wffiere the ear was discharging 
already, no operation might be needed ; where there was no discharge, a 
myringotomy might suffice. Penicillin did not sterilize pus inside an abscess 
cavity, but it would aid the resolution of an inflamniatory process within a 
draining middle-ear cleft. A patient who had an extradural abscess in the 
middle or posterior fossa was an exception to that fule, and it was probable 
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that one could get a hint about such a case from careful attention to clinical 
signs. For example, such a patient might complain of persistent pain and 
tenderness behind the ear in spite of adequate chemotherapy, and continue 
to have otorrhcea and cells in the cerebrospinal fluid. 

Relapsing cases of meningitis seemed to be commoner with nasal sinus 
infections than with mastoiditis, as one would expect from a consideration 
of the connections between the nasal sinuses and the subarachnoid space, • 

It seemed likely that operation would be called for in almost every case 
of meningitis due to chronic otitis. It was difficult to imagine that a sufficiently 
high concentration of penicillin could be delivered to deal with the primary 
focus in chronic bony disease. 

Mr. T. B. Layton said that no distinction had been made in the paper 
presented by Dr. Honor Smith between chronic ear disease and acute inflam- 
mations of the middle-ear cleft. In every paper dealing with an otological 
subject that distinction must be made. The two diseases were as distinct 
clinically, bacteriologically, and therefore pathologically, and in their response 
to treatment, as were acute peritonitis and tuberculous peritonitis. 

He disagreed with Mr. Paterson that it might become unnecessary to operate 
on the acute ear, but that operation had still to be done on the chronic ear. 
He had made the planned experiment of refraining from operating in meningitis 
of an acute ear because he thought that a condition of the heart was the domina- 
ting lesion which would forbid a general aniesthetic to be given. The patient 
came out of the meningitis but relapsed. He then had operated, but the 
patient died. He would find it a very grave responsibility to refrain from 
removing that factory of organisms which was down against the dura mater. 
There was a distinct difference in disease of the ear and the sinuses. One was 
a disease of bone, contiguous with which was the periosteum — the dura mater, 
and therefore the spread from one to the other was easy and rapid ; the other 
was an inflammation of a mucous membrane separated from the cranial cavity 
by two layers of periosteum and an intervening piece of bone, and all one could 
do was to drain that cavity, if one knew exactly from which of the half dozen 
or so channels it was spreading through to the meninges. 

Mr. E. Musgrave Woodman said that those working so extensively on 
penicillin were to be congratulated on the change that had taken place in the 
prognosis of pneumococcal meningitis. He had always been taught that 
pneumococcal meningitis was an incurable disease. 

Why was it that penicillin seemed so impotent to control a migrating 
streptococcal abscess in the brain ? 

As to whether they should operate on an acute mastoid which was accom- 
panied by meningitis or brain abscess, they had all been taught that the primary 
focus should be removed when consequential complications arose. But these 
patients were very ill, their margin of safety was low, and a little thing would 
tip them over the border. In the best interests of the patient it might be that 
a simple drainage without eradication should be carried out. 

Mr. C. P. Wilson said that probably those cases which developed symptoms 
associated with a cerebral abscess were more likely to go to a neurosurgical 
unit than to an otologist. In his 8 cases of otitic meningitis there had been 


333 


24 n 


Societies’ Proceedings 

only one death, and that was in a pneumococcal case. 3 cases had grown a 
haemolytic streptococcus, and all had recovered. 

Intrathecal dosage . — He had discussed this with Professor McIntosh, 
pathologist at the Middlesex Hospital. Originally these cases were given 
2,000 units per c.c. intrathecally according to the amount of cerebrospinal 
fluid removed, but lately they had been using as much as 50,000 units in otitic . 
and non-otitic cases. He queried this amount with Professor McIntosh, 
because he felt it was much more likety to produce a local reaction with 
fibrinous exudate, but Professor McIntosh's opinion was that these cases often 
had fibrinous exudate without penicillin, and he (Professor McIntosh) thought 
that the amount of e.xudate was not greater with penicillin, but it so happened 
that the patients lived instead of died. Apart from that, any complications 
which arose were not serious. In this series they had had only two com- 
plications : One patient had a paralysis of the median nerve which was now 
recovering, and another had symptoms of petit mal. Thus the disadvantage 
of using very large doses of penicillin intrathecally did not seem to have been 
particularly borne out in Professor McIntosh’s cases at Stoke. 

Mr. L. Graham Brown said that four months ago he had a case of acute 
mastoiditis, a flare-up on a chronic infection. He carried out a complete 
mastoidectomy. The patient did very well for three weeks and then developed 
a facial palsy. He reopened the wound and cleaned up the infection still 
present. Since the pyrexia and headache continued he carried out a cerebro- 
spinal examination and found about 800 cells present. He called in a neuro- 
logist, who, however, could not locate anything intracranially. The patient 
was put upon sulphonamide treatment and penicillin systemically. He did 
very well, the wound healed up completely, the temperature fell, and the 
patient left the hospital. A month later, however, he returned with further 
symptoms, and he referred him to the neurologist. He (Mr. Graham Brorvn) 
suspected that the patient was suffering from a sphenoidal abscess, but his hand 
was stayed by the neurologist. He was ready to operate, but before any 
■Hher information could be elicited the patient died. At post-mortem a 
, - ..„-L — abscess was found. 

rteresting from the point of view of the relationship between 
the otologist and the neurosurgeon and neurologist. It was obvious that the 
otologist had a little difficulty in carrjdng out completely all those difficult 
tests and treatments which the neurosurgeon was now making his onm. He 
desired to ask Professor Cairns if he did not agree that, in those cases where 
brain abscess or an intracranial complication was suspected accompan3'ing 
meningitis, the neurosurgeon should take charge. He was one of those 
otologists who thought that these cases were really getting beyond their range 
of full responsibility. 

Mr. Terence Cawthorne said that a contribution from outside was 
alwa3’'S welcome at that Section particularl3'^ when it carried with it the experi- 
ence of the Neurosurgical Department at Oxford. Penicillin had quite clearl3' 
altered in some respects their views of otogenic meningitis. He desired to 
ask whether there was any likelihood of S3'stemic penicillin being able to be a 
substitute for intrathecal medication. These constant lumbar punctures 
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were a source of trouble and possibly a danger He had seen two cases of 
meningitis secondary to lumbar puncture, both in cases m which spinal 
anaesthesia was earned out, and the organism in each case was B pyocyaneus 
Mr Layton's very forcible exposition of the importance of differentiating 
between acute and chronic otitis media would command general agreement 
They were two quite different diseases when it came to the management of an 
otogenic meningitis On the question of draining a pnmary focus it might be 
asked, what was a pnmary focus ? Meningitis following rapidly upon an otitis 
media was a mucous membrane disease not a bone disease, and the infecting 
focus could not be eradicated by carrying out wide surgical excision of bone 
This only made it easier for infection to spread even further The meningitis 
which followed within hours or days upon an otitis media should be dealt with 
conservatively 

Meningitis following upon a long standing otitis media was a different 
matter He had in the past said that he thought such cases should be operated 
on without delay, but he now felt that it was wiser to give chemotherapy and 
the antibiotics a day or two's start before operation He had no doubt that 
in cases of intracranial complications of chronic suppurati\e otitis media the 
best way of getting a good result was by intimate co operation between the 
otologist, the neurologist and the neurosurgeon 

Mr F W Watkyn-Thomas said that to control meningitis by any 
chemotherapeutic method, sulphonamide or pemcillm, they must have an 
agent which would penetrate the penvascular sheath, pass along the vessels, 
and percolate the brain substance The suiphonamides passed the choroid 
plexus entered the ventncles and passed, by the penvascular spaces through 
the brain Was there evidence that penicillin, unless administered b} the 
intraventricular route, would do that ’ To what extent would intrathecal 
penicillin do anything except pass over the outer surfaces and eventually be 
absorbed ? Would it actually enter the brain substance ? He knew that 
theoretically it was possible to get a reverse current of the cerebrospinal fluid, 
but was there any evidence that that occurred in penicillin administration ^ 
He was deeply impressed, but not quite convinced by Dr Honor Smith s paper, 
and he did not think that he was going to abandon the removal of the focus 
when there was one Later on he might be converted 

Mr H V Forster said that only a few days ago he had been asked to 
examine a man who had recovered from acute purulent meningitis associated 
with a history of inflammation in one ear Intrathecal and systemic penicillin 
had been successfully given 

At his, Mr Forster’s examination, the middle ear disturbance was found 
to have subsided and the drumhead to be intact 

In earlier days before sulpha and penicillin therapy one expected to see 
few cases recover from meningitis, complicating an acute pnmary otitis media 
In acute inflammation of the middle ear cleft, he had always felt that early 
drainage through its bony walls should be withheld and would like to support 
Mr Cawthome s views on the pathology of this type of infection 

In chronic otitis media with an exacerbation, complicated by meningitis of 
markedly purulent type it had not been unusual in earlier days to see recovery 
after eradication of the pnmarj' focus of disease, assisted by lumbar puncture 
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Perhaps a certain degree of immunity had been developed through the years 
of chronic infection. In such cases, the possibility of a complicating brain 
abscess would confront the otologist who need not fear to explore for it with the 
serum needle and a sjnringe to provide suction to draw off the pus. He had 
great confidence that if the abscess cavitj^ were entered by the needle, pus 
would not refuse to be drawn into the barrel of the syringe. He did not think 
that to explore through the roof of the operation cavity in this way gave any 
serious risk of infecting healthy brain tissue and the resulting instrumental 
trauma was not greater than that following the puncture in ventriculography. 

Fatal cases of otitic brain abscess followed to the post-mortem room rarely 
showed an undrained loculus but a condition of spreading encephalitis. 

Was there any evidence to show that penicillin was able to control the 
adv’’ance of the encephalitis ? 

The President said that this interesting discussion could be summed up 
by saying that certainly penicillin did hold out the hope of helping cases which 
were hopeless in the past. It had also demonstrated the need for co-operation 
between the otologist and the neurosurgical units, and they were very grateful 
to Oxford for setting such an outstanding example of this. 

Professor Hugh Cairns, who replied on the Discussion, said this subject 
had reached a stage at which the patholog}'^ of the primary focus had become 
of urgent clinical interest. The use of modem antibiotics in any field of 
pathology raised individual problems peculiar to that field, and the question 
of the infection of the mastoid and petrous bone was no exception to this rule. 
Neurosurgeons and other people working at Oxford had been drawn closer to 
the otologist over the use of penicillin than they had ever been before. He 
thought particularly of the cases of pneumococcal meningitis where relapse 
occurred. The patient got cured of one attack of pneumococcal meningitis and 
then got another, and this sequence might go on for months, and they found 
themselves badgering their otological colleagues to come and tell them whether 
there was a primary focus in the ear which was still active and whether it 
ought to be operated on, rather hoping that they would say " Yes That 
was just one example of the type of thing with which they were now 
confronted. 

The dosage of intrathecal penicillin . — They were very much against large 
doses ; the standard dosage intrathecally should be about ten thousand units 
in one dose. It might be given twice a day in the very acute phase of the 
meningitis, but for most of the time it was sufficient to give it once a day. 
Excessive doses could cause trouble — ^fits, retention of urine, and other symp- 
toms of damage to the cauda equina. Furthermore, all the available evidence 
went to show that excessive dosage was unnecessary. With the dosage 
recommended a concentration of penicillin in the cerebrospinal fluid would 
be obtained which was more than ample to destroy any of the ordinary' 
pathogenic bacteria like pneumococci or streptococci. 

Intrathecal treatment must be systematic, and the least time for 
intrathecal treatment in a proved case of pathogenic meningitis was five days. 
Often it was desirable to go on for rather longer. 

What penicillin could do prophylactically, both for infection at the mastoid 
and infection at the brain, had yet to be proved. Mr. Watkyn-Thomas put a 

336 


Royal Society of Medicine 

fundamental point ^vhen he asked whether the peniciUin could diffuse into 
the brain from the capillaries The answer was that nobody knew, and it was 
an extremely difficult problem to work at e\penmentally It ^vas known 
that, given systemically, the penicillin would not pass in any appreciable 
amount into the theca It was also known that patients who were given 
penicillin systemically in adequate doses would still have relapses of menmgitis 
Therefore in answer to Mr Cawthorne's question, he did not think there was 
any likelihood, with the present compounds, that systemic treatment would 
replace intrathecal treatment 

If Mr Layton would read the opening paper he would find that they had 
in fact distinguished between the acute and the chronic cases A chronic 
focus, where there was a collection of pus or sequestra, ought to be dealt with 
surgically However he was not clear from what had been said whether Mr 
Layton would hold his hand m any case or whether he would go ahead and 
operate on all of them acute and chronic, as he did in the old days As far 
as osteomyelitis of the long bones was concerned surgeons had changed their 
views very considerably since the advent of penicillin 

Patients who got an attack of pneumococcal meningitis did not seem to 
become more immune at any rate not for a long time Relapses, of which 
there might be eight or nine in one case, were just as severe as the initial 
attack If each attack of meningitis were treated as patiently and energetically 
as the first and the surgeon in charge did not Jose heart or allow the nurses to 
lose heart, success would be achieved and the patient would in the end cease 
to relapse 

There was a great field here for the otologist to work out precisely the degree 
to which penicillin could help him in the treatment of mastoid infection and 
also in its prevention in cases of otitis media 
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ulcerations not associated with perichondritis of the arytenoid cartilages were 
definitely relieved of pain ; they were able to eat, gained weight and generally 
became improved. 

The rvriter feels that the tuberculous ulcer was not the cause of the pain 
but the secondary infection of this ulcer by pyogenic organisms. The 
sulphanilamide eliminates the pyogenic organisms and the pain immediately 
disappears. 

Angus A. Campbell. 


Der KragenscJmitt bet den FacharztUchen Operationen am Hals. E. Luscher. 
Acta-Otolaryngologica, March ist-June 30th, 1946, xxxiv, 2-3. 

The author reviews the literature of laryngeal operations and quotes his 
personal cases. He recommends a transverse incision in the neck for 
thyrotomy and laryngo-fissure. 

G. H. Bateman. 


NOSE 


On Rhinological Methods of Operating Large Dental Cysts in the Upper Jaw. 
Harry Bjork. Acta Otolary^igologica, March ist-June 30th, 1946, 
xxxiv, fasc. 2-3. 

The author recommends a rhinological approach to the surgery of these 
cysts. Central cysts should be drained into the floor of the nose and lateral 
cysts should be treated by a Caldwell-Luc incision, removal of the cyst lining, 
removal of the common wall between the cyst and the antrum and drainage 
of the antrum into the nose through the inferior meatus. Dental treatment 
should be completed before the cyst is treated. He considers that the method 
of Partsch, removal of the external wall of the cyst and packing the cavity 
from the mouth, is tedious and out dated. The article is well illustrated. 

G. H. Bateman. 


OESOPHAGUS 

External Operations for Removing Foreign Bodies from the (Esophagus. 
Harry Bjork. Acta-Otolaryngologica, March ist-June 30th, 1946, 
xxxiv, 2-3. 

The author reviews the literature of cesophagotomy. He reports four 
personal cases of oesophagotomy. 

He concludes : that external operation is seldom necessary when good 
endoscopic equipment is available. That external operations should be 
performed without delay if endoscopic removal fails, or if signs of perforation 
are present. 

That cervical cesophagotomy combined with manual removal or endoscopic 
removal is indicated if the foreign body is at or above the bifurcation of the 
trachea. 

That gastrostomy combined with manual or endoscopic removal is indicated 
if the foreign body is below the bifurcation. 

That bilateral drainage operation is indicated when extensive inflammation 
in the neck is present. 

That trans-thoracic cesophagotomy is not necessary and carries a muc 
higher mortality than cervical cesophagotomy or gastrostomy. 
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MISCELLANEOUS 

Pentctlhn Therapy m the Practice of Otolaryngology Lieutenant Colonel 
Gilbert C Struble Arch Oiolaryng , 1945, \lii, 5, 327-338 
The writer and his associates outline their conclusions as follows 
Sinusitis — Penicillin administered by intravenous and intramuscular 
injection has a favourable effect if the sinusitis is in an early stage and acute 
empyema has not already developed It has usually show no more promise 
than adequate and carefully followed up treatment with the sulfonamide 
compounds In subacute and chronic empyema of the ethmoid and sphenoid 
sinuses, local penicillin shows great promise 

Acute Otitis Media and Mastoiditis — If penicillin is given early, the infection 
may be aborted It must be given in adequate doses and over a sufficiently 
long period to prevent development of penicillin resistant strains of bacteria 
and relapses If given late, it may mask the infection and symptoms If the 
surgical indications for drainage are still present, mynngotomy and mastoid- 
ectomy are resorted to In cases of mastoiditis or petrositis, one may not 
rely on penicillin pre operatu ely or post-operativelj to prevent or control 
extension of the infection to the meninges and brain, because it does not 
reach the spinal fluid in appreciable amounts If after mastoidectomy, 
any intracranial extension is feared, give sulfonamide drugs in addition to 
penicillin In most cases of acute infection of the middle ear or mastoid, 
sulfonamide drugs given early have been found to be as effective as penicillin 
Late in the disease, either of these agents may mask symptoms 

Local post operative application of penicillin receives fa\ curable comment 
In Chronic Otitis Media and Mastoiditis, both systemic and local use of 
penicillin are reported on unfavourably 

No statistics are given, but illustrative cases are recorded 

R B Lumsden 
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OTO-RHINOLOGICAL PROBLEMS OF 
OFFENSIVE DIVING 

By Surgeon Commander S GAY FRENCH R N (Retd ) 

Author’s Note 

The following article is, regrettably, over-full with Naval technicalities, 
but the avoidance of these has been found impossible ivithout becoming 
verbose and boring 

It may not be out of place to remmd those who have not been 
connected with hydrostatic problems that water is a remarkably heavy 
substance, one cubic foot of water weighing 64 lbs, and every thirty-three 
feet of depth subjecting the diver to one atmosphere plus of pressure 

D S E refers, of course, to the Davis Submanne Escape (Apparatus 
or Chamber) 

R of D and R of A have been used for Rates of Descent or Ascent 

By the beginning of 1943, offensive diving was sufficiently advanced 
to be classed as a war weapon of some importance The physiologists 
were gaming control of such problems as oxygen poisoning, but, in 
February, Surgeon Commander C L G Pratt, M Sc , R N V R , reported 
from H M S “ Dolphin ”, his headquarters, that he was not satisfied in 
regard to aural and sinus problems and required the services of an 
otologist The ivnter was accordingly, appointed to Special Service, 
and given facilities of the whole team, which included Surgeon 
Commander Pratt and his team, working at " Dolphin ", Dr G L 
Brown (the secretary of the R N P R C ), and his team workmg at the 
National Institute for Medical Research, the Admiralty Expenmental 
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Diving Unit with Professor J. B. S. Haldane and Surgeon Lieutenant- 
Commander Donald, and the whole-hearted co-operation of the executive 
branch (diving) with their experience and equipment. 

Apart from the highly individual divers, such as the " Frogmen ” 
who rarely went to any depth, three types of midget submarine were 
then being used. 

The Welman, a one-man submarine, presented no problems from the 
writer’s aspect, -as it was, in fact, a miniature submarine, in which the 
subject remained at atmospheric pressure. i 

In the other two types, the aural and sinus problems were similiar, 
since each used a free diving suit, with oxygen bottles, named after 
Commander Sladen, R.N. (i/c Development Human Torpedoes). These 
two types were the X-Craft and the Human Torpedo. The latter 
(known by the code name of Chariot) where a crew of two in Sladen 
diving suits rode a torpedo, as one would a horse, was controlled, not 
only by trimming, as in a submarine, but also by a control column, 
similar to that of an aircraft, actuating the hydroplanes and rudders, 
with a four speed motor control, (maximum speed being 2-5 knots 
submerged) and an underwater dashboard, containing clock, depth- 
guage, compass, battery meter, etc. 

The suit requires some description, since its design was closely 
connected with the aural problems. 

It was constructed of rubberized fabric, entry being effected through 
the body of the suit, feet first, then arms, and finally the top with head- 
piece attached was pulled over the head, leaving the body entrance in 
the form of a funnel, which was closed and sealed. The headpiece was 
loosely moulded to the shape of the head, but contained a rubber rim, 
fitting tightly round the head in the sagittal plane, so that, from this 
seal forward to the visor, virtually a gastight compartment was formed, 
containing the face, ears, in fact, the anterior half of the skull. 

The vizor could be raised and was secured, underwater, by butterfly 
nuts, and below this was incorporated a rubber mouthpiece, very similar 
to that used in the D.S.E. Apparatus. Outside the suit, on a harness 
were the oxygen bag, with protosorb container incorporated, with two 
oxygen bottles, slung in the small of the back, the by-pass and the 
reducer valve coming readily to hand in the right loin. The bag, via 
a two way air-oxygen valve, was connected to the outboard end of the 
m'' ece after the suit and harness had been donned, and it was 
o wear a nose-chp, of standard pattern, to avoid a dangerous 
COj in the dead space between the face and the vizor. Part 
’ then being experienced was due to this tight face seal, 
d with the necessity of keeping the mouthpiece in plac^ 
■rubber flange with the teeth) practically splinted the 
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Accepted methods of cleanng the ears could now not he used Trussed 
up like this, it was impossible to get at the nose, in order to perform 
Valsalva, and yawning and jaw movements were most difficult 

The diver was, therefore, thrown back on Toynbee's manoeuvre 
(which, in certain subjects, does not work), or of having to perfect that 
difficult procedure, used by the experienced diver, which appears to be 
a dissociated contracture of the tensores palati, salpingo-pharyngeus 
and other tubal muscles Few people can master the latter without 
months of practice and, at this period of the war, the time was not 
available, for it was desired to turn out operational crews m a matter 
of months Due to these, and other factors which will be discussed 
later, the situation early m 1943 was that not less than 30 per cent 
of crews training were, at any one time, unable to dive, for days or w eeks, 
due to having sustained some degree of pressure damage to the ears and, 
less frequently, to the sinuses 

Matters were not improved by the choice of area for intermediate 
trammg, made necessary for secrecy purposes, and in order to accustom 
crews to Norwegian conditions , this was the West Coast of Scotland, 
where diving went on in very cold water m a Scottish winter 1 It is 
not surpnsing, therefore, that the incidence of nasopharyngeal infection, 
either acute or chronic, was high, thereby making the problem of the ear 
clearing even more difficult 

This, then, was the problem presented, and a reconnaissance tnp 
was made to H M S “ Titania ” where the divers, having completed 
their preliminary training in the Sladen suit m Horsea Lake, Portsmouth, 
were being taught to nde the Chariots 

From the start there were two big imponderables Firstly not 
enough was known about the pathology of otitic barotrauma Secondly, 
nothing was known about the dive rates of the Chanot, and, therefore, 
the pressure increase per unit period of time to which the divers’ ears 
were being subjected It was felt that, once some sort of danger limit 
could he produced for dive rate, a large part of the problem, from the 
operational point of view, would have been solved 

Everybody m the ship was eager to help with any required informa- 
tion, but it was soon clear that no one, divers or technical officers, had 
the required information to give 

VTiile remarkably stable laterally, the Chanot was ultra-sensitive 
on its fore and aft tnm, so much so that a small error m tnm caused the 
machine to become uncontrollable on the hydroplanes, which worked 
through a total angle of 90° 

When this occurred, the Chanot would go into an uncontrollable 
crash-dive of increasing steepness and divers were unanimous that, 
when this occurred, the machine ended up m a vertical dive, standing 
on its nose 
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It is not surprising, therefore, that the unfortunate jockeys were 
far too busy trying to save themselves and the machine to make timed 
observations on the depth gauge (which, incidentally, was of the Borden 
t37pe and therefore subject to lag,) 

On return to town, therefore, work was started on a suitable 
recorder. After discarding such complicated ideas as underwater 
cine-cameras, a simple machine, which met requirements, was evolved. 
This was so satisfactory and sturdy that the following description is 
included in this article (i). 

“ Thanks to a suggestion made by Commander E. Terry, R.N., I was able 
to evolve, during the week prior to m3^ visit to H.M.S. ‘ Titania ’, a modifi- 
cation of the standard Depth and RoU Recorder (Barr and Stroud, Mark III) 
which met these requirements. In the following reports all records were 
made with instrument No. 1940, specially modified. 

" It is considered that such an instrument, or further modifications of it, 
will be of great use in the future in the investigation of undenvater problems 
of this kind, and it is proposed to describe the machine in some detail. 

" It has the following advantages : 

1. It is very portable and almost completely foolproof. 

2. It can be attached to anything which goes underwater, from a diver 
to a submarine, used in wet or dry chambers, D.S.E. chambers, etc. I have 
used it myself, in lieu of my weights, for experimental dives, thereby allowing 
complete concentration on the experiment in hand, and examination of thel 
record at leisure afterwards. 

3. It can be switched on and off under water. 

" It has the present disadvantage (for some types of investigation) that 
it does not nm long enough. This could be overcome by fitting different 
type drums and a stronger spring, or by having two or more machines to be run 
in series. The degree of accuracy can be seen from the records, and is con- 
sidered to be sufficient for the proposed investigations. 

“ The Depth and Roll Recorder consists of a pressure recorder, actuating 
a brass stjdus, through a system of levers, which records on a drum of chemical 
paper. The drum is driven by clockwork, and is fitted with a gear system, 
allo\ring of three speeds, and a governor, with screw adjustment. The - 
pressure recorder is of the plunger type, acting against a spring, three strengths 
of which are available (35 ft., 50 ft., and 100 ft. springs). The roll recorder 
is a pendulum weight with attached stylus VTiting on the same drum. This 
is removed in toto in the modified instrument. This removal allows of each 
spring recording some 16 per cent, over its stated depth — i.e. the 50 ft. spring 
will record to 58 ft., but it is perfectly safe to exceed this depth, as extra 
pressure is taken up on the framework of the instrument. The whole is 
enclosed in a watertight case, with starting lever outside, and is of sturdy 
construction. 

“ Some work is needed on the governor to get the error in drum speed as 
small as possible. In the machine used, various governor-springs were tried, 
until the governor ran true. These springs are supposed to be of a standard 
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pattern, but appear to vary in practice, and an additional recorder which 
■was sent for from Greenock during my stay in HMS ‘Titania’ was so 
inaccurate, as regards the governor, that it was never used, and was stiU the 
subject of experimental work by the Torpedo Gunner’s Mate when I left 
“ All that IS left is to calibrate the drum speed against a stop watch with 
the aid of the governor-regulating screw In the machme used (a\erage of 
ten one-minute runs) the times were as follows 

Fast Speed 48*2 cms /minute Error ± 3% 

Medium Speed 12 cms /minute Error ± 1% 

Slow Speed 3*8 cms /minute Error ± 0*3% 

In practice the medium speed was used, with one exception, when the 
slow speed was used to get a running time of over 30 minutes The fast speed 
uses up the paper too quickly, and the slow speed cramps up the graph too 
much The length of a roll of paper is 127 cms 

" The 50 ft spring was used throughout, with one exception dunng the 
estimation of the vertical sinking component of the Chanot, when the 100 ft 
spnng was used 

** The depth is measured from the record with a protractor and, in new 
of the slightly different density of the water m the Loch, the instrument was 
recalibrated for depth on arnval in H M S ‘ Titania being lowered in 5 ft 
stages on a marked shot line, timed by a stop watch 

“ It IS considered, furthermore, that this instrument would be of con- 
siderable use for training purposes, dunng the early parts of the curriculum 
of Chariot driving In interrogating men who have inadvertently done a 
crash du e, I have been struck by the extraordinary discrepancies in the accounts 
due, of course, to the drivers being preoccupied with getting the machine 
under control If fitted as standard to all training Chanots in the event 
of a badly managed dive the record could be examined and analysed at 
leisure, as is done in the Link trainer 

"In all the records appended to the reports the time scale is Tuo 
intlhmeires to one second ” 

From the above it will be seen that future underwater otologists 
have a virtually foolproof method of dive analysis m any experiment 
they may care to undertake 

The recorder was taken North to " Titania " and there after 
recalibration, was lashed to a Chanot wth all tanks flooded, which was 
allowed to sink on the end of a line, thereby establishing the vertical 
sinking component Maximum underwater speed was known and 
Figs I and la are parallelograms of force, which show that the pressure 
increase of a crash dive is, indeed, formidable, being comparable to an 
aircraft descending from 35,000 ft to ground level in 4-2 seconds f 
Indeed it is doubtful if the most expenenced diver, adept in the art of 
cleanng his ears, could withstand such a rate, even if his clearing dnll 
was not hampered by the obstacles imposed by the Sladen suit 

Here, then, was another limiting factor In theory, were the 
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Eustachian tube to be rigid with a permanently patent lumen, vast 
rates of descent, such as the above, would be possible and would be 
limited only by the bore of the tube. 

In practice the Eustachian tube is only a potential tube, being flat 
and occluded in cross section and only patent under the induence of 


SPEeO OF -C/fAR/OT 



Fig. I. 

Computation of dive-rate of Chariot under the most adverse circumstances, i.e. fully 
flooded. Diagonals show actual distance travelled by Chariot through water — 
depth measured vertically in feet. 

Speed 2-5 knots 

( i,}o ft. /min. 1 270 ft. /min. f 337 ft./min. 

at 15° \ at 45° • at 72° ] 

l,a-33 ft./sec. (4-5ft./sec. l5-6tt./sec. 
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vanous tubo-palatal muscles (tensor palati, salpmgo-pharjmgeus, to 
some extent the upper part of the constrictor group) 

When these contract (as they do in a percentage of subjects dunng 
the act of su allow mg) or when the tube is pulled open by yawning or 
movements of the mandible, then only can air enter the middle-ear 
cleft and equalize pressure differences, unless positive pressure is 
employed, as in the practice of Valsalva Any abnormahty of the 



Fig la 

Chanot fully flooded and sinking horizontal 


structures concerned, such as infection, acute or chronic, mitigates 
against ease of cleanng, and it was therefore decided that, in view of 
the mechanical difficulties already referred to, the oto-rhinological 
standards for acceptance would have to be tightened up 

This could easily be done, as there was no lack of volunteers for this 
type of service, though both officers and ratings were simply asked to 
volunteer for a " hazardous operation ", without knowing what this was 
At this particular time a fresh class was just starting the preliminary 
training, about which a word must be said 

A week of instruction in the D S E A Tank was followed by a course 
in the standard helmet suit, after which candidates were introduced to 
some weeks of diving in the Sladen suit in Horsea Lake During this 
they also did synthetic night diving, and ended this part of the course 
with a depth endurance test By the end of a couple of months or so, 
the diving instructors had a fairly good idea of who was likely to make 
a good offensive diver, and it was only after this that the class went 
up to Scotland, where they saw their machines for the first time and 
were taught how to nde them 

This particular class had just started, being in the middle of their 
helmet course, and it was decided that the writer should accompany 
them throughout their training as their " tame otologist ’ . diving with 
them where the occasion warranted 

The first step was a thorough oto-rhmo-laryngological examination, 
particular attention being paid to the post-nasal space and the sinuses, 
and X-Ray check being taken where necessary Special points were a 
detailed history of any cleanng trouble they might already have 
expenenced, and an attempt to establish, visually, a positive Valsalva 
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Subsequent experience showed that a positive Valsalva can be seen 
by the experienced otologist in about go per cent, of subjects, but it 
also showed that -by far the most reliable method of forecasting the 
otological fitness of a subject for diving is to examine his ears while 
under pressure increase, either in a compression chamber, or in the 
flood-up chamber of a D.S.E.A. Tank. (It is quite easy to improvise 
a waterproof headlamp, though attempts to examine ears while totally 
submerged were a persistent failure, due to difficulties of refraction.) 

Thus it was hoped that a complete otological dossier of these trainees ’ 
underwater careers would shed some light on the problem . It is not proposed 
to include records, but reference will be made to some cases of interest. 

Concurrently with this scheme, laboratory work was started at the 
National Institute for Medical Research, under the guidance of Dr. G. 
L. Brown. 

The Royal Air Force otologists had just completed some pleasantly 
immaculate work on the buUae of cats, compressed at varying rates of 
descent from a pressure equivalent of 20,000 ft. of altitude to ground 
level, in which they had demonstrated gross congestion, haemorrhage 
and exudate from the mucosa of the middle ear and the osseous portion 
of the tube, the swallowing reflex being abolished by the use of intra- 
peritoneal nembutal as an anaesthetic (2). At the same time, Wing- 
Commander J. F. Simpson had observed that it was possible to compress 
the tympanic membrane to a far greater degree when the membrane 
was compressed alone, i.e. vid the external auditory meatus with a 
subject at atmospheric pressure than when the whole body was subjected 
to an increase of pressure, as in a compression tank when the subject 
failed to clear his ears. 

Working from these observations, we conducted the following 
experiments, (quoted from R.N.P. 43-65, U.P.S. 31) (3). 

I. The first step was to check Wing-Commander Simpson’s observations, 
but additionally, compressing the drum at varying rates of increase, which 
were to be recorded. This was done by means of a pressure reservoir and 
needle valve, connected to a recording manometer and kymograph, also to 
the subject’s auditory meatus, by means of a modified Siegle’s speculum. The 
drum could thus be observed while being compressed. The subject was 
provided with a quick-release by-pass, which he opened on feeling pain, 
recording his threshold automatically on the kymograph. 

Table i records the results and it will be seen that the threshold of the 
drum is generally slightly raised when the pressure rises rapidly. This is 
probably merely due to the delay of a fraction of a second in opening the 
by-pass when pain was felt, during which the pressure rose. Certainly the 
rapid increase of pressure did not lower the threshold, although several subjects’ 
drums were compressed at a rate of increase far above the danger limits for 
charioteers. The table also shows a wide variation in the thresholds. This 


Compression of Tympanic Membrane via External Auditory Meatus at Atmospheric Pressure 



425 


of rnTnomctcr 
oa fast run Dis 
comfort but no 
pun 


Subject Mean of all thresholds j Pressure in chamber at Remarks 

taken at atmospheric i which pain in ears 
pressure. appeared. 


S. Ga 

















Oto-Rhinological Problems of Offensive Diving 

corresponds with the known facts of practical diving There was little to 
see through the speculum On raising the pressure, the drum could be seen 
to be forced in and grow progressively ischaemic On releasing the pressure 
it regained its normal position and there was slight vaso-dilatation, but nowhere 
as marked as in the mildest otitic barotrauma It appeared then, that this 
experiment was by no means a laboratory reproduction of the conditions 
experienced by charioteers, and the next experiment confirmed this 

2 Here, the same subjects as before, with four additions, were subjected 
to an increase of general pressure in a dry tank and were told to refrain from 
cleanng their ears, but to signal when they expenenced aural pain Table II 
shows that, in every case, aural pain occurred at a lower general pressure than 
that to which the drum could be subjected by itself , and, that the higher 
the .threshold in Expt i, the greater the discrepancy between the two 
thresholds In other words, under general pressure, individual thresholds 
while still \'a.rjmg quite w^dely, vaned less than the drum thresholds at 
atmospheric pressure This suggested one of two hypotheses 

(fl) That something other than the drum was being affected hy the general 
pressure under the conditions of Expt 2, and having a lower threshold 
was *' finng off ’’ first 

(6) That general pressure, under the conditions of Expt 2, in some 
w'ay lowered the threshold of the drum, as recorded in Expt i 

3 A third experiment gave a clue as to which is correct In this the 
subject was in a dry tank, with one external meatus occluded The method 
was to smear the inside of the tragus with heavy grease and complete the 
occlusion with the finger tip Incidentally, it is far more difficult to make 
the external auditory meatus pressure tight than one would suppose On 
raising the general pressure, pain was experienced the open ear at the figure 
recorded in Table II, Column B On releasing the occluded meatus, pam was 
experienced in this ear The pain was, of course instantly relieved by cleanng 
If hypothesis (rt) had been correct, pain would have occurred m both ears 
simultaneously and the appearance of pain in the occluded meatus on allowing 
the pressure to impinge on the drum suggests strongly that hypothesis (6) 

IS correct 

4 Wilson has recorded that there are three nerve plexuses in the tympanic 
membrane One, the sub epithelial, has naked nerve endings ramifying 
among the epithelial cells, lining the outer surface of the drum The middle 
plexus in the fibrous layer, connects with the sub epithelial and with the third, 
the sub-mucous plexus, lying between the fibrous layer and the mucous lining 
of the drum which of course, is part of the mucous lining of the middle ear 
This sub mucous plexus, according to Wilson, contains Pacciman corpuscles 
If the body is subjected to a nse m general pressure without cleanng the ears, 
then the middle-ear cleft will be at atmospheric pressure while the blood 
vessels lining the middle ear will be at a pressure greater by the amount to 
which the outside pressure has been raised When this difference becomes 
sufficiently great cedema of the middle-ear lining as has been shown by the 
RAF will be produced Column B Table II. suggests that oedema is pro- 
duced at a pressure difference of between 140 and 200 (max ) ram. Hg Under 
these circumstances 1 e with the stretch receptors of the sub mucous plexus..^ 
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membrane. “ N ” had a purple, antero-inferior hsemorrhage into the 
substance of both membranes, a doubtful Rinne and a Weber which 
was lateralized to right with marked loss of air conduction to the low 
tuning forks (Stage III, both). 

He was rested for four days, after politzerization, and, when 
recovered, volunteered to repeat the performance with the recorder 
attached (since trim conditions, etc., were known). " C ” was again 
the driver, and the only modification was to fit " N ” with a non- 
operational suit, in which the vizor-tj^e facepiece was replaced by a 
gasmask type, so that he could hold his nose on the way down. Fig. 
2 shows the record of this, and it will be noticed that the Chariot hit 
the same ledge of rock. 



CMMIOr HIT IIDCC 
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Fig. 2, 

Moderate crash dive. 

" C's ” ears again showed no change, and this time “ N's ’’ ears 
showed less damage, though there was a loss of lo seconds to 64 dv. 
(A.C.) in both ears, with a Weber lateralized this time to the left (mild 
Stage III). The ears were normal again in 48 hours. 

Later, similar dives by other members of the class, some of which 
were recorded, confirmed that a dive rate of 1-5 ft. /sec. (34-5”^™- 
Hg/sec.), should be considered the safe maximum, and that it was better 
to keep the dive rate under i ft./sec. This was aided by modifications 
to the hydroplanes. 

Examples of such ideal dives are shown in Figs. 3 and 4, made 
by two operational divers. 
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Fig. 3. 

Chaiiot. Surface inns, shoiviiig R. of D's of o-y and o-8 ft./sec. 
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A possible variable was considered at this stage, i e the effects of 
apprehension or the cumulative effects of fatigue on the pain threshold. 
The former was most difficult to assess, but that there may be, perhaps, 
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Fig 4 

Char:ot Normal runs Approach to and passage through A/S nets 


something in the latter is shown by the following extract (5), though 
due to the exigencies of war it was never possible to investigate this 
as fully as was hoped 

On one occasion I subjected my own ears to seven runs m a dry chamber 
in one day, on each occasion delaying clearing until there was appreciable 
pain, and found that, on the last run, my threshold had dropped from 246 mm. 
Hg to 178 mm Hg This may have been due to residual oedema after 
each run, cumulative in effect, but experiment, at present incomplete, suggests 
that there is a marked daily variation in the threshold and that it can be 
affected by a multitude of external influences — fatigue, apprehension, etc 

The greatest number of aural casualties, however, occurred in Class A, 
where diving was at least once every 24 hours This improved m Class B, 
where the diving interval was lengthened I notice also, that P 0 W Italian 
charioteers (S L C s) state, though somewhat vaguely, that practice takes 
place " about twee a week ” Whether this is for aural reasons, I do not 
know. For these and also for psychological reasons, I think that the 40-hour 
interval between dives as laid down by Captain S 12, is desirable Under the 
present requirements of training, however, it appears to be impracticable 
Nevertheless, taking into account the exigencies of war, I think the present 
arrangements are satisfactory and safe They are made so by the very careful 
“ nursing " of embryo charioteers by the team at present operating in H M S 
" Titania ”, both by the training officers and the Medical Officer aural 
damage or tiredness causing the diver to be stood off for an appropriate penod 

At the same time, expenments were made with a type of nose-seal, 
connected with a Pohtzer bag in the neck of the suit, whereby the diver 
could obtain a small positive pressure boost, as m politzenzation, and 
after much tnal and error, a Dunlop nasal ansesthetic mask, modified, 
was found to give the best results This apparatus was not proceeded 
with in the case of the chanoteers, for while on an operation they would 
have both hands employed in handhng the machine 

The last, and probably the most valuable prophylactic measure to 
be adopted, was to incorporate into the cumculum of training {from 
the beginning) tubal muscle drill The trainees were taught to perform 
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Valsalva at atmospheric pressure, then under positive pressure, then, 
again at atmospheric pressure, holding a dummy mouthpiece in their 
mouths and without holding the nose, and lastly in the suit itself, both 
on the surface and while descending. Also, it was made very clear to 
them, that, whUe descending, the longer they delayed clearing the more 
difficult it would be. The greater the pressure differential in the middle- 
ear cleft, the greater vdll be the oedema in the osseous portion of the 
tube and therefore the more difficult it wll be to pass air past the 
isthmus. 

In fact, in some (but not aU}, there comes a point when they “ lock ” 
and no amount of tubal jnuscular manipulation or expiratory force will 
get air to pass, and the only way is to release the pressure, i.e. to surface. 

This is serious in an operation, where a diver, surfacing at the entrance 
to a harbour would reveal to the defences that an operation was in 
progress and, inevitably, would initiate depth charge counter-attack, 
killing the other divers. 

We were, incidentally, unable to confirm the statement of Armstrong 
and Heim that it is impossible to clear the ears against a pressure in 
excess of go mm. Hg (6). It is quite clear from Table II that this is 
not so, and that the '' locking ” point is a matter gf individual variation. 

The exigencies of war prevented an investigation as to whether, 
at a given rate of pressure increase, aural damage is more intense when 
the subject is using pure oxygen as against compressed air or a gas 
mixture, but comparisons between the charioteers and divers using 
compressed air suggest that this may be the case. 

The results obtained by introducing the various safety measures 
iescribed above were satisfactorjc Observations on classes taken over 
the autumn, ^vinter, and spring of 1943-44 showed that the incidence 
ol aural damage had been halved, in spite of the higher incidence of 
nasopharyngeal infections to be expected during this part of the year, 
md it was considered that the situation was controlled as far as it was 
likely to be, taking into account the conditions under which these men 
worked. 

Sinus barotrauma occurred among these divers, but in a-less proportion 
than the otitic, the pathology and mechanics being precisely the same. 

One diver sustained a hsmatoma of the right maxillary antrum nvith 
anesthesia of Ps and r4, which cleared however, with conservative 
treatment. 


Ascent Rates 

These were not a problem from the aural point of view, for the 
Eustachian tube acts as a one way flutter-valve, so that excess pressure 
in the lumen of the middle ear will bubble out automatically at any 
rates of ascent the diver is likely to attempt. The writer has surfaced 
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HM/T OF 50fT SFAjme) 

Fig 5 

at 2*6 ft -sec with no ill effects (Fig 5), and in the case of three rnen 
escaping from a sunken submarine at 210 ft using the D S E A , the 
surviving two reported no aural symptoms, the third being killed from 
too rapid ascent, and a consequent burst lung 

Concurrent Investigations 

In the summer of 1943, H M S " Truant " arrived in Loch Corne 
to carry out experiments on launching Chanots from a submann^ at 
depth As the mam problem appeared, from the above investigations, 
likely to be mainly aural in other uords, the maximum floocl-up 
rate with a diver in the D S E A Chamber would be dictated by his ^ars 
and sinuses, the following two reports are appended, Report {7) made 
at the time, and a later report showing the solution to the problem (8j 

The desired technique was to be this HMS "Truant " was to he on 
the bottom at about 50 ft and three divers in Sladen suits, would escape from 
each of the D S E Chambers and release a Chariot from each of tuo containers, 
fitted on the fore and after casings These containers were tested to 300 ft , 
and could be flooded or blown from the interior of the submarine, as desired 
After releasing the Chariots, two of the divers would drne off to c^ry 
out their operation the third diver of each team would re-enter the submarine, 
by way of the DSE Chamber, and the submanne would then proceed to 
the waiting area 

The ends of the containers were sealed by watertight doors, opening to 
port and secured by butterfly clips 

Dummy runs on the surface quickly proved that there was only room for 
one diver at a time in each chamber, and some misgiving was felt as to the 
weight of the container doors, which, on the surface with the submanne on 
an even keel, required at least two strong men to close them 

On completion of these, it was decided to try a run at depth with the 
recorder in lieu of the diver, in order to find out at what speed it was possible 
to flood up, as time was of great imjiortance in the operation 

This was done on the afternoon of 25 5 43, with most startlmg results 
The submarine was on the bottom, showing 48 ft on the gauge Fig 6 shuws 
the result of opening both floods full, closing them when the pressure had 
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equalized, opening both vents full (inboard) and then completing the flooding 
with both floods, again, full open. This is obviously most undesirable. The 
initial R. of D. is i-i ft/sec. and wth the added bulk of the diver in the 



Fig. 6. 

Both floods, both vents. " Truant " 25.5.43. Recorder only in chamber. 


chamber, this would rise to (in the region of )i-5 ft. /sec., or faster than a 
moderate crash dive on a Chariot. The figure also shows the necessity for 
gentle manipulation of the inboard vents and the final flooding up, for a R. of 
D. of 30 ft. /sec., from the first atmosphere, would undoubtedly kill the diver. 

It was decided, therefore, to use only one flood and vent. Fig. 7 shows 



60 


Fig. 7. 

One flood, one vent. Recorder only in chamber. " Truant ” 25.5.43. 


he result of this . . . The R. of D. is now 0-5 and Fig. 8 is under the same 
circumstances, but with the diver in the chamber. It will be seen that his 
bulk pushes the R. of D. up to o-8 ft./sec., and this is quite reasonable. The 
•flood was opened full in both of these nms and following Fig. 8, the diver 
opened the hatch and proceeded to the surface. 



£0 


Fig. 8. 

One flood, one vent. Diver in chamber. ** Truant 26.5.43. 
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A further run was then done, with the recorder only in the chamber, on 
the process of draining down This was most alarming (Figs 9 and 9A) The 
recorder, which is of sturdy construction, received such a jolt that the stylus 
was shot over the zero line, and the rate of ascent was 46 ft in 2 seconds, 
and, allowing for recorder lag, probably m excess of this 
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Fig 9 

Drain down D S E Chamber Flood valve closed Truant 25 5 43 
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Fic 9a 

Check run on Fig g Dram cracked ' as gently as possible but with flood closed. 

The reason is, of course, obvious Assuming an inelastic chamber, full of 
water at 2i atmospheres and assuming that the escape hatch is tightly closed 
the removal of an infinitesimal quantity of water will cause the pressure to 
drop to that in the submarine (i atmosphere) in an equally infinitesimal time, 
since water is virtually incompressible In point of fact, the escape hatch 
was watertight, being only held down by a toechp and this and a certain 
amount of lag in the recorder, accounts for the record not being more alarming 
than it IS 

Since a D S E Chamber is designed for egress from a submarine and, as 
far as I know, nobody has ever before entered a submanne at depth, this 
drawback has been foreseen by nobody, and it is considered that the use of 
the recorder saved a diver from, at the least, very severe injury to his lungs 
and irreparable injury to his drums, and probably from an unpleasant death 

The problem was tackled by draining down, using the followng technique 

1 Diver enters chamber and closes hatch 

2 Flood vahe opened to full extent 
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3. Inboard drain “ cracked ” carefully, watching gauge, but is not more 
than “ cracked 

4. Throttle down on floodvalve, cautiousty. If pressure falls too rapidly 
on gauge, open flood. 

5. As flood is closed, pressure falls to zero, after which drain can be opened 
fully. 



" Truant “ 26.5.43. Drain down D.S.E. Chamber by technique described in text 

(Flood open). 


Fig. 10 shows the results of using this technique, with the recorder only 
in the chamber ; Fig. ir is with the diver in the chamber and on this occasion 
an airbottle had been fitted to the side of the chamber, as an additional pre- 
caution, to act as an airlock. It did not seem to make much difference, 
possibly because the bore of the pipe (3/15 in.), leading to the bottle, was too 
small. 



60 total R. 06 a. = 0-8S FT^SEC. 


Fig. II. 

As for Fig. 10, but diver in chamber and air bottle fitted. 

Successful escapes and entries into the submarine were carried 
out after this. 

The implications of the report above were discussed at meetings 
of the Underwater Physiology Sub-Committee and the flood-up rates 
were accepted, and at the same time it was suggested that the fitting 
of a 7/16 in. stopcock to the chamber might obviate the very complicated 
drill needed to drain dorvn the chamber without killing the diver inside. 

This proved not to be so, and the following extract from a later 
report (8) explains why. The attached pressure curves show that the 
problem had been effectively disposed of. 
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Conversations with Captain S 12 and Commander (S) and the Engineer 
Officers of H M S “ Cyclops ” suggested that the pilot cock on its own (as 
recommended by the UPS) was unlikely to be 100 per cent safe and that 
it would be a very simple matter to fit an airlock, in the fonn of a chord of the 
circumference of the chamber This \vas fitted in the after escape chamber 
of H M Submanne " Tribune ” on the afternoon of 20 8 43 It was therefore 
decided to try both methods 

The dimensions were as follows 

Capacity of escape chamber . . . 51 cubic feet 

Capacity of air-lock (with pipe) . . i 46 cubic feet 

Bore of pilot cock .. 7/i6ths inch 

At the same time, the pilot cock was fitted to take a blank copper \\asher, 
which, if desired, could be reamed out to any size, up to the bore of the cock 

The trials were carried out in Karnes Bay at a depth of 38 ft on 21 8 43 

The method of flooding the chamber, in order to ensure that no air, apart 
from that contained in the air lock, remained in the chamber was as follows 
Recorder in chamber, started, door closed 
Hatch secunng clip raised, off toe clip flood started 

This, when the pressure became sufficient raised the escape hatch, flooding 
the chamber completely The hatch was then closed and the experiment 
proceeded with 

Fig 12 shows a dram down, deliberately opening the dram wide The 
result IS not desirable, the rate of ascent being 5 6 ft /sec , though the air lock 
has dropped the rate from the 23 ft /sec recorded during the same procedure 
in Truant ” 

Fig 13 shows a dram down, exercising moderate care, with unskilled 
operator in charge of dram valve (myself) The result is better, an overall 
rate of descent of 2 3 ft /sec , but with a somewhat steep gradient in the 
middle of 3 5 ft /sec , due, presumably, to inexperience 

Fig 14 IS the same, but with a Chief ERA operating the valve The 
difference between the skilled and unskilled operator is well shown, the rate 
of ascent being 0 72 ft /sec 

Fig 15 In this case, the pilot-cock was opened first, the dram only 
being opened when the pressure on the gauge, fitted to the chamber had fallen 
to zero This is perfectly satisfactory, the rate of ascent being i 3 ft /sec 

I do not consider the use of only a pilot cock practicable or safe The 
actual escape hatches, when secured only by a toe clip as during operations 
such as these are never completely watertight, nor are meant to be They 
vary in the efficacy of their seal m different submannes and in any case 
might be distorted by accident or enemy action This vanation, were air- 
locks not to be fitted, would mean that each individual pilot cock would have 
to be a different bore discoverable only by experiment much smaller than the 
7/16 in used and, therefore, liable to choke This was demonstrated in 
Fig 13 where it will be noticed that there is a long period of steady pressure 
at 38 ft Dunng this period the cock was open, but made no difference to 
the pressure, the reason being ultimately discovered to be a slightly leaking 
flood valve (in this case, though a leaky hatch would have the same effect) 
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The use of an air-lock " smooths out ” the whole procedure, and is, I think, 
an essential part of any safety device, such as this. On the other hand, using 
the ratio of air/water of i- 46-51-0 (see air-lock and chamber capacities, above) 
it is still possible to produce dangerous rates of ascent, as in records 12 and 13 
(though 13 would be only, I think, uncomfortable). This is due, obviously, to 
the construction of the existing drain, which was never intended for operations 




such as these. It has a wde bore (4 in.) and a coarse thread, and it was in- 
tended, originall5% to drain the chamber as quickly as possible, without 
regard to pressure changes. The provision of what is really a smaller pre- 
liminary drain, the pilot cock, makes the operation, in this case, foolproof. 
The combination of the two, therefore, appears to be ideal, if this is not 
considered too complicated. The drill, however, is absolute^ simple . . . 
" Hatch closed (as before), on cock, when pressure is zero on gauge, open 
drain as widely as desired.” 

Should, however, the combination be thought too involved, the air-lock, 
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of the two devices, muat be retained To eliminate the piiot cock, the 
air/water ratio would have to be increased considerably, using the existing 
type of dram \alve In view, however, of the small number of submannes 
still fitted ivith the escape chamber and the simplicity of fitting the above 
apparatus (m the case of the *' Tnbune ", under one day’s work), the com- 
bination of the two appears to be an economical proposition, as far as Chanot 
work IS concerned 

Amyl Nitrite as an Aid to Clearing 

Mention must be made of this substance, as some work was done 
on its action on nasopharyngeal mucosa A report had been received 
from Australia that the inhalation of this drug aided the passage of air 
into the Eustachian tubes Experiments were therefore earned out 
both at Hampstead and under practical diving conditions, in case it 
might prove to be a ready-made answer to the whole problem 

Ephednne, adrenaline, etc , had already been proved to be so 
ineffective as to be useless, operationally, and tuamine and its associated 
chemical cousms were not then available 

Preliminary tnals on the writer showed that it was dangerous to dive 
immediately after inhaling the contents of a capsule and that, in fact, 
during the period of vaso-dilatation, cleanng was impeded, and that if 
benefit occurred, as the majority of divers alleged it did, the drug must 
be inhaled from half to one hour before diving 

Expenments in Hampstead, with passive inflation of the Eustachian 
tubes, vid a Gagge type mask, connected also to a kymograph, con- 
firmed this, but the benefit was so slight, and the potential dangers so 
great, when used without medical supervision (as the drug would have 
been on an operation), that it was decided not to proceed further with 
the idea 

The mechamsm, was presumably, the reverse of adrenalme, that 
is a pnmary vaso-dilatation followed by a reactionary vaso-con&tnction 
of the nasopharyngeal mucosa, but insufficient work was done in this 
field to permit of more than theonzation 

Summary 

1 The oto rhinological problems of offensive diving, with special reference 
to the Human Torpedo are described, as are the experiments performed and 
the apparatus used 

2 Various subsidiary problems and their expenments having a beanng 
on ears and sinuses are also desenbed 

3 Vanous solutions to the problems are discussed, including the one 
eventually adopted 

4 It is felt that there are aspects of the ear clearing problem which are 
by no means complete and that further work on such subjects as the effect 
of fatigue and the exact mechanism of clearing in the trained and untrained 
subject would be fruitful 
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I would like to express my very great appreciation of the help I received, 
not only from the experts mentioned in Paragraph i, but also from my 
executive colleagues, in particular Commander W. Shelford, D.S.C., R.N. and 
Lieut. Chadwdck, R.N. Also to otological and physiological colleagues in 
the Royal Air Force, udth whom I discussed as many' of my difficulties as 
secrecy' would at that time permit. I would like to thank the Medica] 
Director-General of the Navy for permission to publish this article. I 
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FENESTRATION OF THE LABYRINTH 

By O POPPER (Johannesburg) 

Part II 


Transtympanic Fenestration 

Part I of this paper {The Journal of Laryngology and Otology, January, 
1946) of necessity covered a somewhat large canvas The ensuing 
descnption is intended to fill in and accentuate important details 

My greatest problem m carrying out the transtympanic approach 
was not the instrumentation — lor this ophthalmic, dental, and other 
standard instruments were found most suitable — but the question of 

1 Illumination 

2 Stereoscopy 

3 Magnification 

The hazards inherent in this work are formidable, but under control 
as long as the surgeon can see The headgear I use, is therefore described 
and discussed in detail at the very begmnmg of this paper to emphasize 
its primary importance It would be purposeless to give operation 
directives without it They could not be earned out without grave 
nsk Unhappily in this surgical procedure there is no allowable margm 
of error 

Needless to say my headgear is only one solution I trust that, 
mth the co-operation of optical manufacturers overseas, my colleagues 
will improve it 

Illumination 

Illummation must of necessity be intense for small landmarks, and 
where magnification is used This bnlliance must also be accompanied 
by high quality Fmally the beam must be as near as possible perpendi- 
cular to the field — or in other words on a level with, and between the 
eyes 

Stereoscopy is imperative when workmg in depth and to such close 
hmits One cannot onentate without a three dimensional view of this 
small operatmg field It would be courting disaster to attempt this 
work without equipment capable of meeting these demands 

Magnification is desirable, but if illumination and stereoscopy are 
assured, it need not be of high order The operatmg microscope is 
without question the answer 
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I have built one around a Leitz binocular dissecting microscope. 
Some training is required when operating, to adjust oneself to differences 
of perspective which such an optical system imposes. The main draw- 
back to the operating microscope is its relative immobility. 

A binocular headgear using prisms for convergence and stereoscopy, 
incorporating an intense light source, possesses the advantage of 
flexibility. 

Needless to say neither its magnification or illumination could be 
expected to be of the high order of the static microscope, but the ability 
to look into every nook and cranny and around a structure is a very 
real advantage. 

The accompanying drawing illustrates the headgear I have devised 
for this work. It is built around an old Wessely mounting. 

Prisms (Fresnel Rhombs) are employed whose front (objective) 
faces are close together. The prisms are adjustable, so that the parallel 
eye faces are set to the surgeon's interpupillary distance. This means 
that the surgeon looks straight ahead at infinity when viewing his field 
— the prisms accomplish the convergence. This is most restful and 
banishes visual fatigue. 

A 4 dioptre lens in front of the objective faces of the prisms gives 
about magnifications and a W'orking distance of 6| inches. With 
conventional telescopic spectacles the eyes must converge on the field 
— a strain I find almost intolerable after the first 45 minutes. 

The proximity of the two objective faces is vital. One operates 
in a fimnel about 35 mm. deep, and 15 mm. wide at the top. The 
conventional telescopic spectacles are unsuitable, because its units are 
60 mm. apart, and one or other eye constantly loses the field. The 
surgeon's head is always moving. By placing the objectives close 
together stereoscopy is easily maintained. The eyes must be pampered 
in this operation. 

By adding a Galilean system suitably corrected for chromatic 
aberration to these prisms, I hope to achieve between 3 to 4 magnifications 
and a working distance of 9 inches. 

I am indebted to Professor H. H. Payne of the Department of Physics, 
Witwatersrand University, for computing the optical formulae and 
calculations. 

The illumination device is of conventional design with certain modi- 
fications. The aluminium lamp housing has a diameter sufficient to 
accommodate a Slazda 88 bulb, as used in the Bausch and Lomb 
Ortholite. (The ortholite is fitted to my Binocular Leitz operating 
microscope.) The condenser and 45° reflector are also Bausch and Lomb 
units. It is important that optical equipment of repute, be used. A 
cheap condenser will project patterns of light of differing intensities 
which are most disturbing. 
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Professor H H Payne, Department of Physics, Witwatersrand University, has computed the 
lollowmg calculations where Fresnel Rhombs are spaced wthm a Galilean system for a 9 to lo 
inch workmg distance 

Magnification Objective Eye piece 

achromatic plano-convex plano-concave 

3 -1-25 -8 (dioptres) —66 8 (dioptres) 

4 + 27'7 -95 

plane faces in contact with faces of Rhombs and cemented. 
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This unit projects a clear white field of light of magnificent and 
uniform intensity almost perpendicular to the field. The light field can 
be increased or contracted by sliding the lamp holder down or up 
respectively in the housing, and fixing it with a convenient thumbscrew. 
Adjustments are also provided for tilting and centering the beam. Once 
these adjustments are made they remain a fixture, and need not be 
repeated or altered. 

This device gives an infinitely better quality of light than the Clar 
headhght. The Clar is worn too high above eye level. Its main beam 
strikes the field obliquely. Its unshielded bulb has evoked protests from 
my sister and assistants who were forced to suffer its blinding glare for 
an hour or longer. The triad, intense illumination (perpendicular), 
stereoscopy and magnification, is the keystone to the entire instrument- 
ation. 

With practice it will be found that the operating microscope becomes 
a standby — the whole operation from start to finish can usually be 
completed without recourse to the microscope. However the micro- 
scope remains the sheet anchor should the surgeon lose his way or 
landmarks. 

The accompanying plates illustrate transtympanic fenestration of 
the anterior face of the vestibular dome. 

The operation falls conveniently into eight stages and should be 
carried out in the exact order given, with meticulous attention to detail. 
I would ask my colleagues’ indulgence if I seem to stress this latter 
point in the ensuing description. I emphasize and underline them, 
because I believe their observance is vital to the success of the operation. 

An.^esthesia 

Local anesthesia is advocated in the conventional operation because 
it reduces bleeding. This latter consideration does not loom large in the 
transtympanic procedure. I am biased against local anaesthesia as I 
find a patient’s interjections a disturbing element in the atmosphere of 
tranquilhty in the theatre — ^more important than ever in this class of 
work. 

The choice of anaesthetic may be left to any competent anesthetist. 
The patient must at no stage be congested as this may cause troublesome 
oozing. If this precaution is observed the operation is for practical 
purposes, bloodless. 

kfy patients have had any of the following 

Open ether and oxygen. 

Pentothal induction followed by open ether and oxygen. 

Pentothal induction followed by intratracheal ether and oxygen. 

Intratracheal ether and oxygen. 

Continuous pentothal. , 
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I have found all these measures entirely satisfactory Clearly the 
emphasis is on the competence of the anesthetist rather than the choice 
of aniEsthetic 

Position of Patient 

The patients’ face is turned towards the surgeon and this relative 
position IS maintained from the start to finish 

The skin is prepared m the usual way The hair from the temporal 
region is shaved It is unnecessary to remove any hair from the 
mastoid-panetal-occipital area The meatus is filled with rectified 
spirit 

The incision is marked out in brilhant green — a line running vertically 
down for about an inch and a quarter immediately in front of the tragus 
from the mcisura tragi to a point somewhat in front of the lobule 

This line lies in a natural fold in the skin between the tragus and 
the temporo-mandibular joint 

In Part I of this paper I suggested placing the incision on the edge 
of the tragus or just withm it, as so to conceal a resultant scar This 
precaution is quite superfluous as the scar from the incision indicated 
IS an almost invisible hairline after two weeks if fine skin sutures, placed 
close together, are subsequently used The advantage of the external 
incision IS that, it not only saves time, but one starts off by being a 
quarter of an inch or so closer to the field 

The temporo-mandibular cleft is now infiltrated with a solution of 
saline containing 6 to 8 minims of adrenaline (i m 10,000) to the ounce 
A fine needle is used Note that the point is directed backward so as 
to hug the lamina tragi dunng the whole injection One puncture, 
rarely two, is sufficient 

The incision is made along the marking, now somewhat distorted 
by the injection The edge of the scalpel is directed towards the tragus 
The cut IS made down to, but not through its perichondnum The 
edges of the mcision are gently separated by a small mastoid retrac'or 
From now onward the operation may be conveniently descnbed as 
falling into eight stages 

Stage I Exposure of the tra^al cartilage and the cartilage of the external 
auditory meatus 

Applying gentle traction, the anterior surface of the tragal cartilage 
IS freed with scleral scissors, small snips separating fibrous connections 
between the penchondnum and its overlying fascia The points of the 
scleral scissors are directed towards the cartilage 

Once this IS achieved, it provides a " point d’appui ” for the insertion 
of the closed blades of a medium-sized Killian speculum The blades 
are gently opened, and the whole tragal cartilage is cleared in very 
short time 
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The tragal cartilage is continuous with the antero-inferior portion 
of the cartilage of the external auditory meatus, the latter bending 
sharply backwards. As this portion of the perichondrium will not have 
been reached by the infiltration it is as well to infiltrate again. 

Spreading the Killian speculum gently straightens out the bend, 
and with short snips of the scleral scissors directed towards the cartilage 
the whole of' the latter is exposed down to its attachment to the edge of 
the tympanic plate. The periosteum of the latter is infiltrated. 

An incision along its edge is made, and the periosteum reflected 
with a tiny elevator. 

The closed Killian blades are placed between the periosteum, and the 
denuded tympanic plate and gently separated. The latter must be done 
gently as rough handling may cause rupture of small veins in the 
temporo-mandibular fossa. Should this occur packing with narrow 
ribbon gauze soaked in thrombin controls it instantly. Do not forget 
to remove this gauze strip before the shin is sutured. 

Here, be it noted, that the operator has worked thus far in one 
fascial plane, without cutting across any structure of importance. The 
tympanic plate should be exposed for just over a quarter of an inch. 

Stage II. Separation of the cartilage from the edge of the tympanic plate. 

After devising a special instrument for this manoeuvre on the 
cadaver I discovered, by accident, a very simple way of doing this on 
the living subject. 

Having exposed the cartilage at its attachment to the tympanic 
plate, the tips of the Killian blades were at this precise junction. Before 
mthdrawing them my co-ordination must have become inverted because 
instead of allowing the blades to close I pressed the shanks and opened 
the blades further. To my great satisfaction, I saw the attached edge 
of the cartilage literally gliding off the edge of the tympanic plate 
revealing the skin inside the meatus and a tiny segment of the drum 
itself. 

This then is the technique for Stage II of this operation. Small 
slivers of broadish cartilage remain on the edge. They are removed 
in Stage III. 

Stage III. Removal of portion of the tympanic plate. 

A long-bladed self-retaining mastoid, or similar retractor is now 
employed. The posterior blade engages just below the free edge of the 
cartilaginous meatus and flattens the latter out against the bony 
posterior wall. The anterior blade pushes forward the fascia separated 
from the cartilage, plus the continuous periosteum separated from the 
tympanic plate. The temporo-mandibular joint plus anterior tissues 
are pushed forward " en masse ". 
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The drum is the vital landmark in Stage III It lies " square on ” 
behind the tympanic plate 

Using a small jaued rongeur the edge of the tympanic plate is nibbled 
down until the beautiful, shiny mother-of-pearl like drum and malleus 
are exposed to view A quarter of an inch is usually enough The sides 
require some tnmmmg They are broad based They may be ground 
down with dental burrs so as to provide sufficient access to the tympanum 
Recently I tned Reiter’s automatic mallet and found it excellent 
It is used by oral surgeons The advantage is that one can regulate 
both the throw of the chisel to a fraction of a millimetre, as well as the 
force of the blow The cutting edge is placed on the surface of bone to 
be removed Pressing the release — thus using one hand only — the 
bone is cut, advancing a predetermined distance and under absolute 
control 

I am indebted to my brother, Mr Frank Popper, L D S , M S D , for 
this suggestion and also for initiating me into the art of using a dental 
machine and the properties peculiar to various burrs 

A little more than the postenor half of the drum is now exposed 

Stage IV Fashioning of the tynipano mental flap and exposure of attic 
wall and middle-ear contents 

The skin of the meatus is infiltrated subpenostally with a fine dental 
needle 

An incision about half an inch from the drum down to bone is made 
sweeping around the remaining portion of the bony meatus 

With an ophthalmic curette the skin is gently reflected from the 
meatus In the upper region where the tympanic and temporal portions 
fuse, there is a band of fibres anchoring the meatal skin These are 
severed ivith fine ophthalmic scissors By working all the way round, 
the skin IS folded over the drum, its periostal surface facing the operator 
It will be found that supenorly the skin is thicker than infenorly where 
it has the texture and consistency of silk 

The meatal skin and drum become continuous at the tympanic nng 
The postenor segment of the latter must now be detached from the 
sulcus tympanicus so that the meatal skin plus the postenor half of the 
drum may be folded over the handle of the malleus 

With the ophthalmic curette, using gentle strokes, this is accom- 
phshed without difficulty The sharp edge of the curette is at all times 
directed towards the bone Within a matter of minutes, the super- 
lative landmarks in the middle ear he revealed 

The meatal skin plus attached drum, are gently tucked into the 
recess between the remaining portion of the tympanic plate and the 
antenor part of the drum 

The greatest care must now be exercised that the burrs subsequently 
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to be used do not tear the t5mipano-meatal flap to shreds. All the 
surgeon’s attention must be focussed on this possible accident. 

Only diamond burrs should, in my view, be used. The}^ should have 
short heads, and they must at all times be directed away from the 
tympano-meatal flap. With diamond burrs the surface of bone is only 
touched — no pressure is required or desirable. They are far less 
damaging to soft tissues, should they be accidently touched, than 
cutting burrs. Diamond burrs are only effective at high speed and the 
dental machine used must be capable of this. I prefer the cable-arm 
to the belt and pulley type because the former can be enclosed by a 
sterile sausage of linen. 

One advantage of the belt and pulley is its immediate stoppage 
when the s\vitch is released, whereas the cable arm type slows down to 
a stop. The surgeon operates the dental machine by a foot switch 
gear. 

When the tjunpano-meatal flap has been folded over the malleus, 
these magnificent and beautiful structures stand out 

(a) The long process of the incus attached to the capitulum of the 
stapes, with the stapedial tendon posteriorly forming a right angle with 
it. 

(b) The crura of the stapes descending into the fossula of the 
fenestra ovalis. 

(c) The chorda tjmipani nerve running across the long process of 
the incus at the upper edge of the t5rmpanic field, to disappear behind 
the neck of the malleus. 

These are the landmarks that concern us immediately. 

The round window, the promontory and all the tympanic structures 
are there for the seeking. 

The bony wall of the meatus immediately above the long process of 
the incus, and concealing the body of the latter, is the outer attic wall. 

It has already been stripped of its integument at this stage of the 
operation. 

Stage V. Removal of attic wall and exposure of incus. 

A cylindrical diamond burr of li- millimetre diameter is used. Its 
face is placed on the attic wall just above the long process of the incus. 
The object is to drill a hole right through the attic wall to reveal the 
continuation of the incus in the attic space. The burr is held rock 
steady over the indicated area — making sure that the tympano-meatal 
flap is tucked safely away — before the foot switch gear is depressed. 

A socket for the burr is formed. All bone dust is removed. The burr 
is replaced in the socket and very soon a slight give is felt as it penetrates 
the attic space. No pressure is used — debris is cleared. Through the 
drilled hole the incus can be seen. The edges of the hole are now 
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FiC. 3. 

Schema of dome (anterior face) fenestration (diagrammatic) Adv-antage 
IS taken of the dome cur\'ature It is ground do^^n hat (cnchondraliza- 
tion) , the burr ne\ er enters the labj nnth ca\ ity The fistula becomes 
larger as the flat grinding process proceeds Its edge is sharp and thm 
and IS on the surface, not tn a trou^ It ts surrounded by enchocdrium. 
The periosteal lajer is relati\cly remote. 
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enlarged until the attic wall has been taken down in all directions The 
body of the incus, its short process attached in the antral region, and 
its articulation with the head of the malleus anteriorly are now exposed 

This reaming is continued The side of the diamond burr is applied 
to the edge of the attic wall The tip of the burr does not touch the now 
visible incus, which is m its normal position and acts as a natural guard 
for the facial nerve and the dome of the vestibule 

The thin bndge of attic wall beloii, adjacent to the chorda tympani, 
comes away with a touch of the burr Any sharp projections are touched 
down — and the whole attic lies open Apart from the minute amount 
of bone taken away in the fenestration this completes the gross bone 
removal — all non-pneumatized bone — the tympanic plate and attic wall 
Its sum total is insignificant, a fraction of that when the mastoid is 
exenterated The cut surfaces are close to epithelium and mucous 
membrane, and will cover rapidly 

I have had no otorrhoea in my cases — barely a serous discharge for 
two weeks I believe the minimal destruction of bone to be responsible 
for this 

I refer to my first paper where I suggest this operative procedure 
for chronic attic suppuration where this is accompanied by mastoid 
sclerosis Nature in such cases, has sealed off the infective process 
from the mastoid but cannot deal with the wide spaces of the attico 
antral region 

This direct attack on the attic by the transtympanic route without 
opening the healed mastoid and exposing it to re infection mil, I am 
convinced, hold its place in operative otology 

Stage VI Removal of the mens and exposure of the dome of the vestibule 
and facial canal 

With a fine needle — again ophthalmic — the main attachments of the 
incus are severed They are 

1 The short process in the antral region — a mere touch suffices 

2 The lenticular process articulating with the capitulum of the stapes 

— again a hght touch is enough 

Very frequently these two attachments will be found to have come 
adrift of their own during manipulation of the incus when cleanng the 
attic wall 

There remains then the meudo malleolar articulation The fine 
capsule IS torn through with the needle with ease The incus now hes 
loose in the attic The chorda tympani is still seen crossing its long 
process The incus must now be dehvered, as it were, without tearing 
or injuring this nerve 

The method I use is to grasp the long process near its tip with fine 
ophthalmic forceps, and to push the whole incus further up into the 
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attic. The tip is then lifted over the chorda tympani and the whole 
incus. is lifted out. 

On two occasions before using this delivery method I have accidently 
torn the chorda tympani. This was followed by no demonstrable symp- 
toms whatsoever — subjective or objective. WiU physiologists kindly 
explain ? 

On the principle that no structure however trivial shall be eliminated 
if it can be preserved, this nerve should be protected if only as a test 
for the operator’s delicate touch and to discourage slovenliness. 

When the incus has been lifted out, the goal has been reached. The 
beautiful curve of the dome of the vestibule now leaps to the eye, above 
it the dark cave of the aditus. , Below one sees the yellow pink facial 
canal reticulated with capillaries with its constant tiny vessel along the 
upper border. Below the canal, the articular surface of the capitulum 
of the stapes, and its crura descending into the fenestra ov^is and 
attached to the bluish looking footplate, are superlatively clear. 

The stapedial tendon is still attached like a pennant to the capitulum 
of the stapes, and runs into the aperture of the eminentia pyramidalis. 

On the cadaver the stapes is very loose — unless by chance the subject 
was an otosclerotic. Now has come the moment when we can test 
for stapedial fixation. This will be found to exist invariably. 

Grasping the capitulum lightly and rocking it, will reveal no move- 
ment in the footplate. The crura may be fractured if the slightest 
force is used. If this happens, it is as well to snip through the stapedial 
tendon and discard the broken off portion — rather than leave it as a 
potential foreign body. 

I have developed an important veuiation affecting Stages IV, V and 
VI which must be mentioned — ^but I do so with some hesitation. 

In this alternative technique the surgeon is deprived of most of his 
valuable and beautiful landmarks. He must be able to visualize them 
and their exact relationship to the new restricted field. 

Alternative Technique. 

An inverted U-shaped flap of meatal skin covering the outer attic 
wall is reflected down to its attachment to the drum at the sulcus 
tympanicus. The drum is not detached, but is left in situ and intact. 
A hole is drilled through the attic wall. The attic wall is cleared as 
described until the incus is revealed. In this variation, the articulation 
of the lenticular process with the capitulum of the stapes, is hidden 
by the drum. The lower ridge of the attic wall is carefully ground 
away from its attachment to the t5unpanic ring of the drum. 

The blade of a tiny right angled knife is slipped down the posterior 
surface of the long process of the incus, to detach the lenticular process 
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from the capitulum of the stapes, if this has not already come adnft 
during the manipulation 

The incus is delivered and the dome of the vestibule lies exposed 
I would urge my colleagues to follow the stages as described in the 
main part of this paper with the beautiful landmarks as their constant 
guide, and to attempt this variation when sufficient experience, skill 
and dextenty has been acquired This variation may replace the 
standard procedure The tympano meatal flap now becomes a simple 
meata! flap which presumably would possess greater viabiht)' 

Non-interference with the drum would keep down granulation 
forming tendencies — especially undesirable m the round window region 

Stage VII Enchondralizatton of the dome of the vestibule 
We are indebted to Shambaugh for the conception of enchondraliza- 
tion He has shown that the enchondnum exhibits no tendencies for 
osteogenetic regeneration Readers are referred to this brilliant investi 
gator’s publications on the subject 

The five layers of the vestibular dome are disposed in a curve 
Thus by gnnding down this cupola the outermost layers are removed 
most widely {Fig 2 ) 

The layers are from without inwards 

1 Mucous membrane 

2 Periosteal layer of bone 

3 Enchondral layer of bone 

4 Endosteal layer of bone 

5 Endosteum 

In the anterior region of the dome a cistern of perilymph appears 
to exist, separating the saccule from the endosteum 

This cistern is of great moment dunng fenestration procedure, in 
that it protects the membranous labynnth dunng this manoeuvre 
With either a flat ended, or spherical-headed diamond burr the 
entire dome is ground down flat to a level below the facial canal The 
latter is kept constantly in view and the burrs are always directed away 
from this canal Bone dust and debris are removed by suction 
imgation every few seconds so that the field is immaculately clean 
I use penicillin (100,000 units in 20 ccs ) as the ungating fluid and 
rarely is more than 20 ccs required 

Before gnndmg down the dome — and in fact, before any dental 
burr procedure is begun— it is wise to check that the tympano meatal 
flap IS safely tucked away under the ledge of the tympanic plate and 
not likely to be fouled by the high speed burr The fenestration site 
has crept forward dunng the last seventy years from the lateral semi- 
circular canal to the ampullary dome region (Lempert) and now to the 
antenor face of the dome itself {see Plate I) This latter site, rendered 
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accessible by the transtympanic approach, is the ultimate limit. It 
permits the largest possible fistula and by virtue of the cistern of 
periljTnph it contains, appears also to be the safest. (Plate I). 

In not one of my cases have I induced a labyrinthitis. 

Vestibular disturbances of balance and orientation have been 
evanescent. All my patients have been able to walk about the ward 
unassisted on the third or fourth day after operation. In no case has 
hearing been destroyed. No freak manifestations such as disturbance 
of orientation for the source of sound have been observed. 

It may be inferred therefore that the forward progress of the site 
is a vital step in this work. My site on the anterior face of the dome 
almost vertically above the stapes would seem to merit consideration. 

The fenestration or enchondralization is not particularly difficult — 
or nerve racking. The facial nerve is seen throughout and most 
important of all the burr never enters the labyrinthine cavity. The burr 
end plaj's over the surface until a greyish area (endosteum) is seen — 
the eventual fistula. This greyish area is surrounded by a sago- like 
yellou'isb area — ^the enchondrium. A few droplets of perilymph can 
be seen seeping through it as well as through greyish area. 

The flat grinding process over the surface is continued. The greyish 
area becomes larger. The endosteum with its attached membrane 
invariably come away together with a touch of the burr and a large 
fistula is created. Its edge is thin and the opening lies on the surface — 
not in a trough. The thickness of the periosteal layer ring is relatively 
far away. 

MacE wan’s classic “ Growth of Bone ” emphasizes that the osteo- 
blasts in the periosteal layer of bone regenerate bone — not the periosteum 
or muco-periosteum — the latter in fact inhibit or limit this function. 
If this is accepted then Shambaugh’s enchondralization assumes an 
enormous significance. 

The mobile cartilaginous stopple of Lempert would seem superfluous. 
Indeed, if my information is correct, it has largely been abandoned 
in America. 

I believe that a maximal opening into the labyrinth is the first defence 
against its early closure by osteogenesis. Such an opening can be made 
by the method described and wthout injury to the membranous lab5T:inth 
at the anterior location I have indicated. 

After every vestige of bone dust has been removed by irrigation 
and mopping and the fistula is clean the final act commences. 

Stage VIII. Replacement of tympano-meatal flap to cover the fistula. 

The field is flooded with penicillin solution and the tympano-meatal 
flap assisted with the gentlest teasing, is floated off its anchorage from 
under the bony ledge of the tympanic plate. The excess penicillin 
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Plate i 

The forward progress, of the fenestration site 
1 The external semicircular canal 
a The ampuUodome region (Lempcrt) 

3 The anterior face of the dome (Popperl 

Note that the sire attainable increases as the site Tiio\es forward 
A and B indicate, respectively the author’s sites, as j et experimental for 
fenestration of the “ Cochlear Vestibule and Scala Tj mpani (Fenes* 
tration of the Labjrmth — Part 1 , J Laryng and Oiol , Vol Ixi 
No 1, January. 1946) 



Plate 1 (incision and stage x A ) 

Incuion and s ■ * to the lattet’s 

•• plitc 
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Plate 3 (stage i B ) 

Detail of cartilage attachment to t\ mpanic plate The fascial covering 
of the temporo mandibular cleft is shown in front of the tympanic plate 



Plate 4 (stage 11 C ) 

The cartilage is detached from the edge of the t> mpanic plate The 
slvin of the meatus and a portion of the drum are now visible 



Plate 5 (stage 11 D ) 

The cartilage is retracted backward The fascia and periosteum of the 
t\Tnpanic plate are retracted ^or^va^d 



Plate 6 (stage ui E ) 

Removal of the tympanic plate The entire drum is revealed square 
on The tympanic plate need only be taken dowm to a point where the 
posterior half of the drum plus malleus and a strip of drum in front of it 
are exposed This provides perfect and sufficient access to the attic for 
subsequent fenestration of the vestibular dome 
If fenestration of the cochlear vestibule or scala tympanic is con 
templated the entire drum must be exposed as shown 



PtAXE 7 (Stage IV. F). 

TIie_ tympano meatal flap as 
fashioned in the transtympanic 
approach. The meatal integument 
IS reflected after infiltration. The 
tympanic plate gap lies antero- 
inferiorly. 



Pl^te S (stage iv. ,1.). 

The tympano meatal flap together 
with the continuons posteriorhalf of 
the drum are folded forward over 
the handle of the malleus From 
below upwards ate seen — 
the round window, 
the promontor}', 
the eminentia 

pi-ramidahs with the issuing tendon 
of the stapedium which is attached 
just below the capitiilum of the 
stapes The capvtuluro articulating 
witJi the lenticular process of the 
incus. The long process of the incus 
disappearing into the attic The 
anterior crus and a small part of 
the posterior cnis of the stapes 
The chorda tjTiipani crosses the 
long process of the incus, where the 
latter disappears into the attic. 




Plate 9 (stage v H ) 

Same detail as Plate 8 A hole is drilled into the attic wall Its centre 
IS in line %sith the long process of the incus about two millimetres above 
the point where it disappears into the attic space The body and short 
process of the incus are revealed and its articulation with the head of the 
malleus The attic is now partiv open 



Plate 10 (stage v I ) 

The whole attic wall has been taken down The entire incus is exposed 
Above the attachment of its short process the dark cave of the aditus is 
seen The anterior crus of thestapesis just visible between the neck of the 
malleus and the long process of the incus 


Plate 15 (stage vin N ) 

The meatal skin has been closely adapted over the fistula 



Plate 16 

The final sutures These are not knotted — a double loop suffices — there 
IS no tension Vaseline gauze strip packs the meatus 
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fluid IS gently mopped away I use no suction at this stage for fear of 
finding my flap — or ntal portions thereof — in the vacuum bottle 
When the field has been dned, it mil be found that the drum falls 
nght back into its accustomed place — m fact everything in this operation 
falls into place — without tension or torsion 

Lempert claims that Shrapnell's membrane covers the fistula With 
this Shambaugh disagrees It would need to be stretched considerably 
to reach the ampulla but certamly will not reach the anterior face of the 
dome 

The meatal portion of the tympanic flap is now placed over the dome 
of the vestibule, its periosteal surface closely adapted to the fenestration 
Narrow ribbon gauze impregnated with vaseline and sulphanilamidc 
powder is gently packed on top ol it and into the meatal passage The 
other end of the strip {it should be about r8 inches long) is now pulled 
through the intact meatus from below' 

The object of placing skin over the bone is to provide a membranous 
covering for the newly created fistula 

I believe Shambaugh holds the view that this protection is transient 
and that the real se’almg off occurs when the mucous membrane lining 
the attic, and covering the dome grows over it One or other of the 
labynnthine sacs, probably the saccule at this antenor site, rises in 
the penlymph to fuse wnth the under surface of this new mucous 
membrane 

From my limited expenence I would support this view 
The incision is sutured with fine nylon, the stitches being about one- 
fifth of an inch apart The nbbon gauze is now packed from the external 
opening of the meatus The stitches are removed on the fifth day 
The nbbon gauze is soaked twice daily with sterile liquid paraffin and 
removed on the seventh day It is advisable to repack should excessive 
granulations form These may block the deep part of the meatus 
In favourable cases the patient hears unaccustomed sounds such as 
W'ater splashing, bells and so on the same evening or the day following 
the operation, despite the packed meatus 

Giddiness and spontaneous nystagmus usually disappear after the 
third day As a precaution every patient is given a full course of 
penicillin after the operation 

So far I have not encountered the temporary labynnthine blackout 
immediately following operation and descnbed in the literature 
Presumably this is a serous labynnthitis, possibly due to trauma 

The minimal trauma of the transtympanic approach may account 
for its absence m my cases 


It IS 
this branch 


my conviction that many surgeons who might have attempted ^ 
:ich of surgery have been deterred by the somewhat stramed-"^ 


by 
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explanation current as to why fenestration restores useful hearing. 

By clinging to the Helmholtz theory, workers in this field have left 
us in an intellectual vacuum. We are asked to believe that the * 
perilymph is now stimulated directly through the fistula by air-bome 
sound or that despite manipulation the replaced drum transmits sound 
impulses to the new fistula. 

It seems imperative that a new orientation of thought on this subject 
is introduced.' The explanation given is unsatisfying. 

To operate in order to produce an effect for which we accept an 
untenable explanation challenges the intelligence. If the rationale 
of fenestration were more acceptable, far more recruits would be attracted 
into this field. Hearing improvement after fenestration can be accounted 
for on a hydrod3mamic basis of reasoning. 

A Hydrodynajiic Hypothesis to Account for Hearing Improvement 
AFTER Fenestration in Otosclerosis 

1. Sound waves consist of positive and negative phases. 

2. Fluid (perilymph) transmitting sound must therefore be capable 
of vibrating in register with these phases. 

3. Fluid is incompressible and the labyrinth capsule is rigid. 

4. A mobile normal stapes acts as an escape valve to allow for these 
displacements or vibrations of the perilymph, excited by sound impinging 
on the round window. The excursions of the stapes are in register with 
such displacements both for frequency and amplitude. These are 
passive movements of the stapedial footplate. 

5. The normal stapes is able by muscular action to control and adjust 
the amplitude of the perilymph excursions thus protecting the organ 
of Corti from excessive and harmful stimulation. This is an involuntary 

ctive function of the stapedial apparatus. An excessively loud sound 
„ may stimulate this reflex. It is assisted by relaxation of the tensor 
tympani and slackening of the drum which occur pari passu with 
contraction of the stapedius. Relaxation of the drum dampens the 
vibrations of the air in the middle ear and their transmission through 
the round vdndow to the perilymph. An open Eustachian tube assists 
■ in the dissipation of sound — ^normally the Eustachian tube is closed. 

6. Possibly another function of the stapes is to adjust the tension 
of the membrane covering the round window by hydraulic action. A 
specific tension will filter out or dampen unwanted frequencies and thus 
accentuate or focus on a particular sound spectrum. When listening 
to a full orchestra a musical ear has no difficulty in " picking out ” the 
strings, the oboe or the English horn. Its counterpart is found in 
nature. A hunted animal despite the distracting sounds of the jungle — 
the song of birds, the hum of insects, the rustle of leaves — ^must focus 
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on one thing aIone~the sound spectrum of the footpad of its relentless 
enemy 

This function is then a voluntary, conscious, primitive, protective 
reflex Vanations in tension of the tympanic membrane may also 
assist in this focusing A musical ear is alas an atavistic phenomenon < 

This function m my opinion, is the first to disappear in Otosclerosis, 
but it may escape observation 

I have had three cases (all subsequently proved early otosclerotics) 
where the early complaint was not deafness but an mabibty to focus 
on mdmdual instruments at concerts or on conversation at large 
gathenngs The heanng loss was small, well above the 30 decibel level 

In these cases one may deduce hmitation of stapedial movenient 
rather than fixation . the smaller passive excursions of the stapes excited 
by sound impinging on the round window were obviously adequate to 
accommodate the normal penlymph vibrations These excursions are 
infinitesimal— the diameter of a molecule of hydrogen Fluid hemg 
incompressible a positive phase at the round wmdow (inward move- 
ment) must be accompanied by an outward movement of the stapes and 
vice versa 

In stapedial fixation this escape valve action is absent The wave 
IS therefore suppressed dammed back dampened and distorted and 
stimulates the spiral organ of Corti but feebly It is not the organ of 
perception but the stimulus that is at fault 

If the entire labynnth capsule plus penlymph is set to vibration, hearing 
IS good — as IS bone conduction m otosclerosis Clearly a new escape 
valve must be created Fenestration does precisely this and no niore 
It does not restore sound accommodation— that is irretnevably lost m 
any case in otosclerosis The beautiful tympanic mechanism is impotent 
owing to stapedial fixation 

This hypothesis is based on the premises that sound transmission 
occurs through the round wmdow 

The ossicles and muscles are a perfect organ of accommodation and 
protection Why ascnbe to them m addition the function of sound 
transmission ’ Such a duality of purpose would constitute a physio- 
logical curiosity and exception This mechanism with its articulations 
IS not designed for sound transmission but rather for its dispersal, 
diffusion and suppression 

The arapUtude of sound waves activating the drum is reduced thirty 
times when it reaches the stapes, by the ossicular linkages Its force 
however is not increased by this factor— the articulations are too loose 
as anyone who has removed an mcus in the fenestration operation can 
verify 

The drum is the perfect receptor and catchment area for sound 
Its tension can be vaned — such gross movements occur without 
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corresponding excursions of the stapes. These variations in tension 
assist in '' focusing ” for sound. The fact that the drum is attached 
to the ossicles has led to the belief that sound is transmitted via the 
ossicles to the oval window, whereas the loose linkages seem expressly 
designed to prevent this. 

This seems a paradox until it is realized that mechanically this chain 
is badly adapted for such a purpose. Sound impinging on the drum 
sets the tympanic air into vibration. Some authorities claim that these 
intratympanic vibrations are amplified and focussed on the round window 
region. 

Why should the drum then be even indirectly attached to the stapedial 
footplate ? I believe this to be a protective measure. Excessive 
movements of the drum which may be injurious, when transmitted to 
the capitulum of the stapes, however attenuated by this time, excite an 
immediate reflex contraction of the stapedius and fixation of the stapes. 
The perilymph is instantly immobilized and the harmful excitation via 
the round window is dampened. In otosclerosis this fixation is a 
permanent feature. 

This direct fixation reflex would be faster and more protective than, 
let us say, a reflex originating in the overstimulated organ of Corti. 

To summarize, the tympanic membrane has three main functions 

1. It is the most perfect receptor for sound. 

2. It assists by variations of tension to " focus ” for sound. 

3. It protects the organ of Corti by 

(rt) an immediate tympano-stapedial reflex, and 
(b) by relaxation, curtaining and dampening sound vibrations. 
This is no attempt at a scientific exposition — rather a marshalling 
of random thoughts and the expression of a credo. 

Discussion of hearing theories started in the sixteenth century. 
The argument stiU continues. 


I have endeavoured to give a detailed — if discursive account of the 
transtympanic approach and fenestration. I believe that fenestration 
has come to stay. Anyone disposed to ignore or belittle its possibilities 
should be reminded and sobered by considering the treatment that has 
been employed for deafness, otosclerotic or othenvise. 

Eustachian catheterization. 

Nasal operations — septum, sinuses. 

Throat operations — tonsils, adenoids. 

Other Operations 

(a) Creation of post-aural fistula of the mastoid. 

(b) Crude attempts at fenestration. 

(c) Extraction of the stapes. 
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(li) Exposure of the dura of the middle fossa to counteract an 
hypothical venous stasjs of the labyrinth 
(c) Ligature of the parathsrroid gland 
Vitamins 

Vaccines, injections 
Hormones 

Electrical treatment — galvanism, faradism, diathermy 
Pneumatic otomassage — to mobilize the ossicular chain 
Drugs — their number is legion 

Tlus depressing list could be extended, I have no doubt It is a 
testimony of despair Those of us who have not subjected our deaf 
patients to any of these measures can fully understand the pressure 
exerted on otologists to do soraethmg The least that can be claimed 
for them is that, with the exception of the operative procedures, thej 
rarely did any harm No wonder, therefore, that recent advances in 
labynnthme surgery have created a tense situation which may have 
led to exaggerated claims 

The position with regard to otosclerosis can be stated with crystal 
clanty All measures except fenestration have failed to cure, alleviate 
or arrest deafness The heanng aid and fenestration alleviate deafness 
Fenestration may, to some extent arrest the progress (Lempert) 

If my colleagues approve of the transtympanic approach as an 
instrument which will make the operation available to all those afflicted, 
fenestration like the cataract operation may soon lose its sensational 
nor elty 

It will and should be taken for granted as soon as it becomes a 
routine operation in every Department of Otology 

My experience comprises hundreds of cadaver dissections and a small 
number of operations on the living subject These are too recent to 
warrant recording at this date 

Ihe leap from the laboratory to the operatmg theatre is an agonizing 
moment Its timing can be safely left to the judgment and conscience 
of the surgeon It is my sincere hope that my paper will help to 
ameliorate this bndging 

The following spontaneous letter from a young woman may fittingly 
conclude this paper 

" It IS very difficult for me to say just how much my hearing has improved 
through the fenestration operation but I do think that m view of all I can 
now hear I was very much deafer than I realized or would admit In hospital 
just after the operation I began to notice lots of little things among winch 
were footsteps m the passage outside all the bells ringing the telephone bell, 
the dock ticking and a w ireiess on the Soot above me Standing at the window 
of my ward on the third floor I could hear the trickle of water falling from a 
hosepipe in the garden At my fiat I realized for the first time that it was 
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extremelj- noisy. I was kept awake with all the radios in the other flats. 
The voices of natives shouting from the yard of a nearbj? hotel were so clear 
that I thought at first they were in my flat. I have been in the flat for over 
a year and never once heard anj^ radio than my own or any other sounds. 
I think the greatest benefit I have felt through my improved hearing is in 
attending to mj’' business and in shopping. I have been able to do all this 
without any effort. Two sounds I have heard which have given me a great 
pleasure, are the softlj' falling raindrops and the singing of the birds here in 
Durban. The last I find particular^ loud as I do any high note. The time 
signal on the radio for instance is often piercingly loud. I did not find the 
operation at all severe or painful and the dizziness soon passed away.” 

LabjTinthine surgery is precision work — an entirely new milieu 
and language for most of us. I am convinced that the transtympanic 
approach will help many aspirants to acquire its vocabulary and idiom. 
^^Tlen this is accomplished and there is some prospect, however remote, 
of coping wdth the enormous number of otosclerotics, then like Prospero 
" deeper than did ever plummet sound 
I’ll drown my book.” 
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CLINICAL RECORD 


FIBRO ANGIOMA OF THE RIGHT ALA NASI IN A BOY OF TWO 
TEARS 

By C de W Gibb (Gloucester) 

R D was seen on 12 g 46 on account of epistaxis, following a blow on his 
nose on 8 9 46 Antenor ihmoscopy did not reveal any abnoTmaUt> He was 
ordered nasal drops of ephedrme hydrocWonde 0 75 m normal salme 

On 21 II 46 he again attended the outpatient department when the nght 
nostril was filled by a tumour, dark red, bleeding on palpation sessile and 
attached to the inner surface of the ala nasi at the junction of the skin and 
mucous membrane 

On 22 II 46 a general aniesthetic was administered and the tumour was 
excised by means of two elliptical incisions around its base There was smart 
bleeding which ceased when the edges were sutured 

The report of the biopsy was that the section showed normal skm and 
fibre angioma 

A fibro angioma, or bleeding polypus of the nasal septum is a rare condition 
and the occurrence of a stmiiiar tumour on the ala is still rarer According 
to StClair Thomson it may occur between the ages of 6 and 70 but this one 
ivas in a child of two years 

The patient was last examined on 51246 when the wound was found 
quite healed There is not much in the literature on this condition, so that the 
record of a single case may be of interest 

Diseases of the Nose and Throat Third Edition Sir StCJasr Thomson 
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Discussion on Rhinology in the Mediterranean and African Areas 
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I was responsible for the ear, nose and throat work in a British 
General Hospital at Teheran during 1943 and it was from that source that 
the material for this paper comes. The climatic and hygienic conditions 
are so intimately bound up mth the infection of the paranasal sinuses, that 
I will briefly outline their main features. The southern half of Persia is mostl}'' 
composed of arid barren desert. The summers are very hot with hardly a 
cloud visible in the sky and with a temperature of as much as 130° F., while 
the winters, though of short duration, are very cold with a temperature just 
above freezing point or even below zero. The rainfall is scanty even in winter. 
The annual fall in Teheran is 9-53 inches, so that the humidity is exceedingly 
low. For four months in the summer a constant dust-laden wind, which is 
called the Shamal, blows from the North-West. Whirlwinds wherein columns 
of dense dust and small stones are caught up, and going by the name of " dust 
devils ” or “ whirligigs ”, suddenly arise and tear through space drenching 
with dust eveiyhhing and everybody in their erratic course. Sanitation is 
extremely rudimentary and much of the human excreta is deposited in open 
spaces. The sun bakes the excreta and in a very short space of time it 
disintegrates, becomes pulverized, and is blown about in the dust. There is 
no piped water from reservoirs and the water supply is obtained from open 
streams and if I describe the water suppl}"^ of the capital city, Teheran, it will 
give an idea of the primitive conditions of such a supply. The main water 
supply is derived from the streams which run down from a mountain range 
some 10 miles distant and those streams often pass through some small ■vnllages 
in their course. Short of the city these streams are directed into open artificial 
channels and then led into the city to be diverted into large gutters with an 
earth or cement base which run down the principal streets. One does not need 
a great stretch of imagination to visualize the indignities to which this water 
supply is subjected during its course through the city. Swimming pools 
were filled from the open supply but the water was taken off from as far out 
from the city as possible and they were, when under military supervision, heavily 
chlorinated. Despite the heavy chlorination many cases of paranasal sinus 
infection arose from these swimming pools as no doubt the heat of the water 
and the exxeptional number of people using the pool contributed in no small 
measure to the infectivity obtaining in it. In the field, water was scarce and 
the best of it was taken for drinking purposes so that practically any other 
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source of supply was used for washing The Bntish Tommy when washing 
invariably threw handfuls of water on to his face some of which would enter 
the nasal cavities and it was quite a common practice for him to sniff water 
into the nose and then expectorate it as this moistened his dry nose and washed 
the dust and grit out of it It can readily be appreciated that infection of the 
nasal cavities might thus take place by the introduction of infected water 

Locomotion was by motor transport and a column on the mo\ e w as shrouded 
in a thick dust pall which coated the individual from head to foot and irritated 
the upper air passages beyond measure, and one’s expectoration was black 
with grit and dust 

During the ten months 896 ear, nose and throat cases passed through my 
Department and 303 suffered from an affection of the external or internal 
nose 154 (51 per cent ) of those cases were due to an infection of one or other 
of the paranasal sinuses The maxillary air sinuses were affected either uni- 
or bilaterally m 106 cases, the frontal sinuses similarly in 8 cases and a com- 
bination of these two sinuses m 8 cases, the ethmoid cells in 30 cases and a 
pansmusitis occurred in 2 cases A preliminary X ray examination of the 
sinuses was made m every case, and a proof puncture was perfonned to confirm 
the radiological findings in cases of suspected maxillary antrum infection 
In 40 cases the returning fluid from the antral wash out was clear or had shreds 
of mucus in it but there was a varying amount of resistance to the irrigating 
fluid thus demonstrating a swollen antral mucosal lining A further 21 cases 
yielded mucopus while m 54 cases frank pus was washed out, generallv m copious 
quantity 

This high incidence of every second case suffering from nasal sinus disease 
was mainly due to climatic and hygienic factors The intense heat of very 
low humidity dried up the natural secretions of the nasal mucosa causing the 
mucous membrane to become congested, dry and glazed Infected dust was 
then inhaled, which impregnated this irritable membrane thus opening up 
the pathways of infection When infection became established and an exudate 
formed, it too was dried up and formed a cake or crust which retarded further 
drainage from the deeper structures and in fact sealed them off Much the 
same sequence of events was produced by infection which was water borne 
though dust was by far the most frequent infecting agent A number of cases 
gave a history of a previous attack of nasal sinusitis which, though it had cleared 
up, recurred readily under the conditions described 

The treatment of those cases of nasal sinus disease which took place in 
the pre penicillin era, did not differ from that employed elsewhere There 
was little contra indication to operation but one had to be on the outlook for 
signs of heatstroke and heat exhaustion especially if there was much loss of 
blood, post anesthetic vomiting, or indeed any marked dehydration of the 
tissues If the patient had suffered from a previous attack of malaria, operation 
often precipitated another attack giving rise to a high temperature which 
was rather worrying until the cause of it was ascertained, therefore a blood 
slide was taken as a routine from all cases which ran a temperature following 
operation 42 cases were operated upon — 31 radical antrum operations, 

I intranasal antrum drainage 4 external frontal sinus, i intranasal frontal 
sinus drainage and 5 ethmoidectomies were performed 
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The post-operative results rvere rather disappointing but I believe that if 
]5enicillin had been available those results would have been much more 
satisfactorj'. The sulphonamides did not prove of great value in promoting 
healing. Recovery was retarded mainly because of a constant reinfection 
of the raw areas. The operation cavities continued to suppurate for a long 
time so that it became necessar}? to advise, in the majorit}' of cases, evacuation 
to a more equable climate. 

In the course of time our experience taught us to operate less and less on 
this tj'pe of infection and any marked case of sinusitis was at once 
recommended for evacuation. 

R. B. Lumsden {Abridged ) ; Climate . — ^Except for a narrow belt along the 
Mediterranean shore, where 8 to 12 in. of rain falls in the winter months only, 
Egj^pt is almost rainless. At Alexandria, the mean maximum temperature 
is 99“’ F. ; while 130 miles inland at Cairo, where the proximity of the desert 
begins to be felt, it is 110° F. At Cairo the mean relatir'e humidity in summer 
is about 43 per cent, and in winter about 70 per cent. (Encycl. Brit.). There 
are periods, liowever, especial^ in spring, but also in autumn and summer, 
when this is much lower. These periods occur during the " khamsin ” — a 
dusty, sand-laden uind which blows off the desert for several daj^s on end, 
during which the temperature is high and the air extremely dry. These 
“ khamsins ” also occur in Palestine, where hot, dry summers are experienced, 
but where, unlike Egj'pt, there is a hea\^’ winter rainfall. 

Simisilis . — During the year 1944, the total number of ear, nose and throat 
cases seen throughout the Command was 27,816, of which 6,105 (22 per cent.) 
were nasal cases. Of these, S34 (13 *7 per cent.) were admitted to hospital on 
account of sinusitis ; 347 (5 • 7 per cent.) being chronic and 487 (8 per cent.) 
acute (sre Table). Unfortunately consolidated records do not provide figures 


Middle East Force, 1944 (All Hospitals). 


Total number of ear. nose and tbroat out-patients 
Total number of aural cases . . 

Total number of mi. Ilf cases .. .. • 

Total number of throat cases (excluding acute 
tonsillitis) 

Total number M laryngeal cases 
Negative cxamiii.uinns 

Cases admitted to l.ospital on account of sinusitis — 

(а) Chronic 

(б) Acute . . 


27,816 

1.7,091 54-3% 

6,105 22% 

3,337 12% 

655 2 - 3 % 

2,627 9-4% 

831 13-7% of all nasal cases 

347 5' 7% ot nasal cases 

487 8% of all nasal cases 


relating to individual sinuses, nor do they afford any deta.iled statistical 
information concerning out-patient cases. Collins (1943), in Cairo, found 
that 20-3 per cent, of his total out-patients and 66-8 per cent, of nasal cases 
suffered from sinus infection, but these figures appear to be high for the Middle 
East as a whole. Many of m}' oum figures were unfortunately lost in transit. 

Concerning treatment, Collins (1943) found that 74 per cent, of his sinus 
cases yielded to conser\’ative measures, which included repeated proof puncture. 
There was general agreement with his plea for consen'ative methods. As 
after all nasal operations, convalescence was slower than at home and final 
operative results were, on the whole, less satisfactory. It appears that the 
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penalties of interference wnth the nasal mucous membrane are infinitely 
greater m a hot, dry climate 

Seasonal incidence At the top of the ehart are shown the quarterly figures 
of (x) all ear, nose and throat out-patients, (2) out-patient nasal cases, and (3] 
ear, nose and throat hospital admissions throughout the Command , from 
October 1943 to December 1944 The general downward trends are an 
indication of a general reduction m the population In the loner half of the 
chart the interrupted line shows the number of adniisstons to hospital on 
account of chronic sinusitis, and it will be observed that the seasonal incidence 
Was fairly constant The upper line relates to admissions on account of aetde 
sinusitis and shows an appreciable summer rise A similar incidence was, 
observed in respect of less severe cases treated as out-patients 


MlDDun EAST FORCE, OCTOBER 1943— DECEMBER 1944 (All hospiulsl 




Undoubtedly many cases of sinusitis were related to swimming m fresh 
water pools (Collins, 1943 , Lumsden, 1945) , and resolution was generally 
slow South Iraq, on the other hand. Reeves (1943) comments on the 
small number of cases of acute sinusitis admitted dunng the dusty summer 
months We found that the large majority occurred in the cold weather It 
is to be noted that 48 per cent of his patients were Indians 

There was general agreement infh CoUms (1943) concerning the frequency 
of frontal headache associated ivith sinus tenderness, and redness and frequently 
dryness of the mucosa of the middle turbinate This condition occurs most 
frequently dunng the hot, dusty " khamsin” winds already mentioned and 
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is most common in Egypt, where “ khamsins ” are associated with a much 
dustier atmosphere. As Collins has pointed out, while an allergic factor may 
be present, clinically it does not resemble vasomotor rhinitis. The diagnosis 
of acute frontal sinusitis was generally applied to these cases, but there would 
appear to be some justification for regarding the condition as that of “ vacuum ” 
sinus headache. Colleagues who served in different parts of the Middle East 
corroborate the opinion that this condition seldom occurs near the sea and 
Daggett informs me that he did not encounter such cases in Malta, where the 
climate remains humid throughout the 3^ear. 

A series of laboratorj? experiments on rabbits has been carried out by 
Rosedale (1944) concerning effects of temperature and humidity on sinusitis. 
He found that a relatively cool and dry atmosphere was the most beneficial, 
while a hot and relatively dry' atmosphere was the most harmful. 

Though in several respects not strictly comparable, reports in recent 
literature suggest that the incidence of sinusitis is considerably higher in 
Egypt (Collins, 1943) than at home (Birrell, 1944), and that it is slightly higher 
at home than in North Africa (Birrell, 1944) and Iraq (Reeves, 1943). 

Deviations of the septum : It was found, as in sinusitis, that patients who 
gave a history' of mild symptoms of nasal obstruction at home frequently 
sought advice because these symptoms had become more marked and persistent 
after going abroad. 

Atrophic rhinitis was encountered infrequently'. Severe cases presumably 
were not sent overseas. The cases seen gave a history of relatively mild 
sy^mptoms at home, but found summer conditions, especially in desert districts, 
quite intolerable and these had to be sent home. 

In spite of the frequency and severity of diphtheritic infections — both 
faucial and cutaneous — nasal infection was very rarely' encountered. 

Leprosy was never seen in European Service personnel. 

Xasal allergy. — True pollen allergy was judged to be comparatively un- 
common and symptoms are of short duration. A number of people were 
encountered who suffered from hay fever at home, but did not experience 
seasonal symptoms in these regions. On the other hand, an appreciable 
proportion of the forces experienced mild symptoms of perennial vasomotor 
rhinitis. One frequently heard people commenting on their nasal stiffness 
and watery discharge, though only' a relatively small proportion suffered 
enough inconvenience or discomfort to warrant seeking advice. Symptoms 
were accentuated during “ khamsins ” and showed no appreciable tendency 
to diminish, even after long periods of residence, while, by way of contrast, 
it was observed that otitis externa took a much heavier toll of fresh arrivals 
than of those who were thoroughly acclimatized. Many of the severer cases 
gave a history' of suffering from hay fever or mild perennial symptoms at home 
and these people were not prone to develop the dry nose with so-called 
“ vacuum ” sinus headache, so that an excessively moist nose affords a com- 
pensatory' safeguard against this condition. The absence of this condition 
among African native troops was noted, though it occurs among the Egyptian 
population. 

Finally, some advice concerning patients who propose to proceed to this 
part of the world : 
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(1) Sufferers from nasal affections need not be dissuaded from spending 
the winter in Egypt On the other hand, they should be discouraged from 
believing that their condition will benefit materially therefrom 

(2) Sufferers from chronic or recurrent acute sinusitis should be advised 
against spending the spring, summer or autumn months in any of the Middle 
East countries 

(3) Persons afflicted wnth true pollen allergy may escape the acute discomfort 
of the hay fever season at home, but they cannot confidently expect to en)oy 
complete freedom from all nasal S3nnptoms 

(4) Vasomotor rhinitis is unlikely to be relieved and might be aggravated. 
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William McKenzie I was posted to Cairo from India in June, 1943. 
The war by that time had left Cairo behind, and the nearest battle front uas 
1,000 miles away The only active combatants m my area were the few pilots 
who undertook the exceedingly dangerous dutiesof photographic reconnaissance 
I do not think my work differed much from work in peacetime in the Cairo- 
area, if allowances are made for the greater likelihood of the spread of infection 
in barracks there were of course large numbers of the Royal Air Force in 
the area , how many I never found out, as this was secret information, but 
I should guess I served upwards of 25,000 For the most part these men were 
engaged in clerical work, or m maintenance of supplies to the vanous theatres 
of war 

The contrast between my Service patients and the few natives I saw was 
striking I think a laryngologist requires an educated patient, if he is to give 
of his best, but with the natives I saw it was obvious that no amount of 
explanation or of reason would be of use They required a quick and dramatic 
form of treatment, and a promise of absolute cure 

In the last few months of my appointment I went to Palestine once a week 
to visit the RAF Hospital near Tel Aviv It is suggestive for the future 
that I began my clinic there at 9 30 in the morning, having already travelled 
250 miles by air from Cairo I returned to Cairo the same evening, having 
seen between 20 and 30 out patients, and this I did regularly each week 

Cairo was a surprise to me, as I think it is to most Englishmen It is an 
ancient city which has never been sacked nor has it been destroyed by fire. 
The present city certainly dates back to the Romans and the streets are now- 
some 40 ft above the floor level of the old Coptic churches There is no ram 
and the dust cloud is continuous so much so that the sun never tans the skin 
in the city and the suburbs Most of my patients were quartered in or near 
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the city and I am sure the atmosphere was a cause of the infections of the nose 
and throat. 

The desert was healthier and I was often told that sjmiptoms of sinus 
infection were less troublesome there. The weather too had much to do with 
the number of cases seen, but it is easier to be sure of the weather as a factor, 
as infections varied so obviously with the seasons. The Nile rises in mid-June 
and it is at this time that cases of sinus infection are seen in greatest numbers. 

In Cairo antral infection rises steadily to a peak in July, when we had to 
set aside two mornings for antral lavage alone. I will describe results of 
treatment later, but by the expression antral infection, I include all cases 
where the infection of the antrum is the controlling factor, although other 
sinuses may be involved. 

I think antral infections are more common in the Services generally tlian 
they are amongst civilians and a possible reason is the fact that a number of 
people live and work in close contact. In Cairo, at all events, the outdoor 
bathing pools were responsible for a number of sinus infections. Everyone 
bathed in Cairo and bathing is possible for nine months in the year. The pools 
were used every day and in most cases all that could be done was to empty 
them, and chlorinate them overnight. They were, in fact, only empty for 
an hour or two during the night. So many patients came with a history 
which began after bathing, that it was obvious that there was some relation, 
but while it was clear that the swimming pools made the infection worse, it 
was still possible that the infection had already been planted in the nose. 

These cases were admitted with the usual signs of an acute sinusitis. 
If they improved with rest and inhalations I did not wash the antrum out, 
but this was often necessary. If the infection was overcome in this wa}', 
there was no difficulty, but the chief problem was the subacute or recent case 
which did not improve. 

However, an antral infection which has not improved with lavage and rest 
is not enough to justify repatriation, and it was my experience that transfer 
to another ^Middle East climate, such as Palestine, did little good. I think 
many would have recovered in England, but I could not send them home for 
this reason. 

This will explain, I hope, the number of operations for acute and subacute 
sinusitis. 'S^fiiere the historj’ was longer than six months, and there was no 
improvement after the antrum had been washed out six times, an antrostom}' 
was performed. The results were fairly good ; certainly equal to what I 
would expect in England. 

It is curious that recover}' from operation is as good in Cairo as it is in 
England, even in hot weather. There were few complications ; the alveolar 
incision in a Caldwell-Luc antrostom}' perhaps became more readily infected, 
and certainly closed more slowfy, sometimes taking three months. The worst 
complication I saw was infection of the fat of the cheek following a Caldwell- 
Luc antrostomy, and subsequent slow separation of the slough. There was 
one deatli, in an officer who had a recent infection, and who was recommended 
for operation because he held a key position in the Middle East. He developed 
an acute pancreatitis, and later died from an empyema. 

Two interesting cases were two young Australians, both referred with 
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bronchiectasis and antral infection. Both these men had only been a few 
months m the Middle East, and had never had either sinus or chest symptoms 
before. After this, I looked carefully for evidence of bronchiectasis as a 
complication of sinus infection m Cairo, but with no result. 

If antral infection is common in Cairo, there is one condition which is 
rare compared with civilian life, and that is vasomotor rhinitis or v'agotonia. 
I can say definitely that this condition was seldom seen compared with the 
incidence in a London clinic to-day. 

Table I gives the numbers of cases of antral infection seen in Cairo, and 
the result of treatment. 

Operation was of course only undertaken after failure of lavage, and in 
the acute and recent cases both lavage and operation w'ere avoided. 

A comparison with infections in Palestine is given in Table 11. The number 
of patients is less altogether, but the danger from bathing was less, as it was 
seabathing for the most part There is an increase, how'ever, compared with 
England, and this I think must be due to the climate of the Mediterranean 
area generrlly. 

TVBLE I 


Cmro No 5 R a F HosriTAe 
Juiv-Decemher 1943 


Out-patients 869 

Acute sinusitis 85 

Chronic sinusitis ix8 

Results of treatment of antral infection 
Acute and subacute 
Improsement 

Rest and inhalation 20 

Lavage 34 

Operation 
Xo improvement 

Lavage * * 

Operation * 


Improvement . 

Rest and mhalatic-n 
Lavage . 

Operaiion 

No impro\en)fnt 

LaNuge 

Operation 

» 

Antra uifelion of ilmtilorm 

Allergic iliinitis 
Allergic (km.i,, 


Out patients 
Infection of nasal 
sinuses 

Antral infection 
Acute and Subacute 
ImproAi ed 
Lavage 
Operation 
Not improved 
Lavage 
Operation 


TABLE II 

pAl.FSTI^E No 3 R A F. Hoshtal 
June- December 1944 


December 194^ 

388 Chronic 

Impro%ed 

76 La\age 

Opwaittj 

Not improeij 
Lavage 

19 Operatwa 

3 Secondarj 

Antral wftxu.:,;' « . . 

2 Allergic tbiDUv. '‘Origin 


R Scott Stevenson spoke of his experience on GiV . 
a large amount of vasomotor rhinitis in people 
who encountered a completely new flora with n^’ Tj' 
hundred W R N S were working there, many in ty- 
from one side of the Rock to the other, and amongiiy'^Ji >' 
trouble was found, owing to the prevalence of linm. I'y-’il 
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desensitization by Francis’s method of the irritable nasal mucosa, which in 
most of the cases gave a great deal of relief. One girl never left off sneezing; 
as long as she was working in the tunnel, and her trouble in this respect was 
so severe that she was actualty going to be sent back to England because of 
persistent rhinitis ; repeated treatment with the dull-red galvano-cautery, 
however, enabled her to stay on at Gibraltar. The climate of Gibraltar rvas 
good, and during the two years he was there no rain fell from May until late 
September, but during the actual rainy season in March and April the fall 
was heavy ; the annual rainfall was from 25 to 35 inches. There was a double 
water supply on Gibraltar, fresh and salt, the use of fresh water being much 
restricted. All their bathing was in the sea, and he did not believe that sea- 
bathing made sinusitis any worse ; he had found many more cases of sinusitis 
when stationed in the West of Scotland, wdiere it w'as ver}? wet ; he could 
remember seeing ten or a dozen cases in his out-patient clinic there in a single 
ddiy, but on Gibraltar, although sinusitis was seen, it was not nearly so common. 
When operation w'as necessary in chronic maxillary sinusitis, he nowadays 
invariably carried out a Caldwell-Luc operation, and his experience w'as that 
this operation was verr^ effective ; his routine method was first to carrj^ out 
lavage on three occasions, and if the condition did not clear up then a 
Caldrvell-Luc w'as done. 

W. I. Daggett said that in the Central Mediterranean area where he was 
stationed the incidence of sinusitis was extremely low'. During a period of 
tw'O years and three months when British troops numbered about 24,000, he 
operated upon only three cases ; on one of these cases he carried out a 
Caldwell-Luc operation. All the bathing was in the sea. One very common 
nasal complaint which he found in the garrison of Malta, where the circum- 
stances w'ere verj' trying, was functional nasal catarrh. A great number of 
the cases show'ed a mild anxiety state, and amongst such patients it was 
extremely' common to get patients who came along complaining that they 
U'ere being “ poisoned ” by the catarrh they were swallowing. 

C. A. Hutchinson said that he w'as interested in the apparent association 
of a state of high relative humidity with the inverse occurrence of chronic 
sinusitis. He had spent two 5'ears in West Africa where there ;ivas’ a very 
high temperature and an extremely high relative humidity, but chronic 
sinusitis in particular — and any form of sinusitis for that matter — was 
practically non-existent there, and the main ear, nose and throat w'ork consisted 
of various forms of nasal and aural myiasis. He had also spent four years 
in Central India, where there was an extremely high temperature — for about 
six w'eeks of the year the shade temperature was 116° — and here again there 
W'as a fairly high relative humidity, except in the " hot weather ”, when it 
W'as very dusty. In that part of the world there w'as a certain amount of 
sinusitis, particularly of the chronic type, but its incidence w'as not unduly 
high. In Northern India and on the Frontier, w'here he had spent more than 
four years, one had again extremely fierce heat but absolute dryness throughout 
a long " hot weather ”, with a great prevalence of a dusty wind comparable 
to the " khamsin ” mentioned by previous speakers. There he had found 
a veiy* high incidence of chronic sinusitis, though during a brief " cold weather 
a large number of acute antra were seen. The site of chronic sinusitis found 
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in Northern India was mainly frontal and ethmoidal, necessitating operatne 
intervention — and cases had done well It seemed to him that there must 
be some inverse relation therefore between the degree of relative humidity 
and the amount of chronic sinus infection to be found in a particular area 

J Angell James said that his cvpenence in the Middle East extended only 
over live months, as the greater part of his time overseas was spent in Italy 
and North Africa In Cairo, his e\perience was \ery much the same as that 
brought forward by Mr Lumsden, except in so far as the seasonal incidence of 
acute sinusitis was concerned He arrived there at the beginning of August 
which was regarded as the peak period for sinus trouble A moderate number 
of cases were seen during that month, and the numbers fell during September 
and October, but in November they increased again and during December 
there was an epidemic, with many more cases than were seen m the summer 

With regard to the treatment of these cases they were fortunate in having 
ample supplies of penicillin Many of the cases cleared up with hospitalization 
and treatment with penicillin and sulphonamides, and ultra-short wave therapy 
The symptoms disappeared within a week, and the cases were seen again at 
the end of a fortnight and at the end of three weeks skiagrams were taken 
Not more than 10 per cent failed to respond (Local chemotherapy was used 
for those that failed to clear up completely with systemic treatment ) He 
himself had suffered from a severe attack, but the actne phase lasted only 
four dajs, and on the sixth he started work again In two weeks his sinus 
skiagrams were again clear 

It was considered that cases showing gross ethmoiditis were not suitable 
for operation in hot and dry climates, so that with few exceptions only antral 
operations were performed, and there he always used the Caldwell Luc method, 
because his experience was that the cases which did not respond to local 
chemotherapy invariably had polypi or gross thickening of the mucosa m the 
antrum Mr McKenzie had mentioned the relatively small number of cases 
of allergic rhinitis seen in Egypt , at home he thought that lo per cent of all 
out-patients had some allergic signs, but in Egypt not more than 2 per cent 
showed them 

J A Kilpatrick said that his experiences were very similar to those of 
Mr Lumsden The water in Egypt was definitely over chlorinated, resulting 
in his own case in a stinging of the eyes which went on to conjunctivitis, 
wholly due, in his opinion, to the amount of chlorine m the water He felt 
that probably the additional chlonne had an effect on the nasal mucosa, 
guang any organisms present an easier task He had gone on to Malta from 
Egypt, and there he had an acute frontal sinusitis and recovered only after 
five weeks 

B S Carter said that he had been very much impressed in the Middle 
East, and even more so in Madagascar, with the high incidence of sinusitis 
in the South African troops He was even more surprised to find how many 
of these South African troops had previously had radical surgery The 
Caldwell Luc operation seemed to have been carried out in South Africa on 
a much more extensive scale than in this country As a rule, these cases 
seemed to do badly, but how much was due to a functional element he did 
not know In Jladagascar there seemed a tendency to a great deal of functional 
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complaint. People came along sajdng that their sinuses were unsatisfactory 
and on examination one felt that further surgery was contra-indicated ; they 
did not seem to improve on ordinarj’’ conservative measures, and a number 
had to be invalided back to South Africa. His own experience of the climate 
of South Africa was just a passing one, but he supposed that it was rather 
drier than in England, and it did appear to him that the South Africans were 
more prone to the sjTnptoms of chronic sinusitis. 

T. B. JoBSOX said that he recalled a large number of such cases being in 
the hospital at Cairo in the war of 1914-18, and he remembered receiving a 
chit from headquarters asking him " if his operations were really necessary”. 
It appeared that a slight deviation of the septum which in this countiy' caused 
no particular trouble changed its character in Eg3'pt, and became the cause 
of a good deal of complaint. At all events he had a large number of men 
who had not a veiy marked deviation who in Egj'pt made the complaint of 
inability to breathe properly. 

The President said that one interesting statement was that.sinus infection 
was more common in areas where living quarters were close, suggesting that 
sinus trouble was infectious. Possibly it was, but one wondered what 
happened in slum quarters where living conditions were worse than in crowded 
camps. 

J. Angell James, in reply to a question by the President, said that the 
cases he had mentioned were diagnosed on clinical and radiological signs and 
followed up radiologically aftenvards. (Swabs were taken before embarking 
on penicillin treatment.) Proof puncture w’as not performed except in cases 
that failed to respond, because he did not consider it advisable to puncture 
sinuses during the earty stages of acute sinusitis. 

R. B. Lumsden agreed that little or no trouble was experienced from 
sea bathing and that chlorination of fresh water swimming pools might be a 
precipitating cause of sinus infection. In a warm climate, people indulge in 
swimming while suffering from colds ; this might aggravate an infection 
already" present in the nose. He himself suffered from haj' fever at home, 
but except for one week, ^Yhile living with orange groves around him, he never 
suffered from haj' fever iu the Middle East. The operation figures he had given 
were the collective figures of all the surgeons in the Command, 

J. P. Stewart, in reply to a question, said that it was quite impossible to 
make an\’ comparison between the intra- and extranasal operations on the 
antrum in tins series because only one iutranasal drainage was carried out as 
against 31 extranasal operations. He was in complete agreement with Dr. 
Scott Stevenson’s remarks as to the positive value of the Caldwell-Luc operation. 

Wh-ei.vm McKenzie said that he had not found the number of septum 
operations to be higher in Cairo than in England, and he had never performed 
a submucous resection in candidates for air crew, in the absence of s3'mptoms 
on the ground. 





REVIEW OF BOOK 

A History of Medicine Douglas Guthrie 51 D. FRCSEd, FRSE 
72 Plates Thomas Nelson tS. Sons, Ltd Price 30s 
5 Iany have \vritten what maj- be called sectional histones of medicine but 
this work IS highly ambitious, co\enng the whole range of the history of 
medicine from Egj^t to Osier The result full3^ justifies these ambitions and 
the author has produced an admirablj’ balanced and comprehensive history 

Any historj^ of medicine cannot but consist largely in a recital of the names 
of those who have advanced medicine in their particular lines in this work 
there is no lack of names but the author has infused life into his recital and 
the whole book can be read with much interest, indeed almost like a romance 
he enlivens the story by many little human touches and numerous interesting 
illustrations 

He points out that disease is found in the oldest known skeletons, e g 
that of a dinosaur, millions of years old 

Sketches of medicine, Egyptian, Indian, Assyrian, Jewish, Chinese are 
gnen, it is of interest that in China, cretins were fed on the thyroids of sheep 
and that a surgeon about 200 a d practised excision of the spleen and that 
great attention was paid to the pulse, two hundred varieties being recognized 

Then comes Greek medicine with Hippocrates , Roman, chiefly of interest 
for Hygiene and the building of Hospitals St Bartholomew's Hospital was 
founded by Rahere 

Mediaival medicine was mainly responsible for the revival of anatomy 
and surgery , among the great names is that of Galen who made many ex 
cathedra statements and was so highly' regarded that any contradicting of 
his views Nvas considered heretical , indeed Galen must have crippled progress 
for a thousand years The following verse shows that clinical teaching was 
practised in Rome 

I'm ill I send for Symmachus he's here, 

A hundred students following in the rear— 

All paw my chest, with bands as cold as snow, 

I had no fever, but I have it now 

One man, Guy de Chauliac, 1300 67, deserves special mention, not only 
was he an originally-minded surgeon, but he instituted a practical comfort 
for patients that survives to this day — a rope above the bed to facilitate 
changes in position 

Tradition was at last broken down by men who insisted on thinking for 
themselves and foremost was Harvey who laid the foundations of modem 
medicine, he was followed by many famous men in the 17th and i8th 
centuries 

The author points out that there always have been centres of medical 
teaching and learning and mentions how they have moved from country to 
country depending no doubt on the teachers m charge First came Cos» 
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later Salerno, Montpellier, Padua, Leyden and then Edinburgh whose school 
Avas founded by Sir J. Pringle who had studied at Leyden. Pringle it was 
Avho when an army surgeon, suggested to the French commander that 
Hospitals should be considered sanctuaries, so initiating the Red Cross. 

Edinburgh remained the leading medical centre for many 3'-ears and the 
author, though a Scot, supports this view convincingly. With the era of Pasteur 
and Lister history of medicine speeds up tremendously so that the historian’s 
task becomes much more difficult but Dr. Guthrie is equal to it. 

It is impossible to single out individuals and their work but a few 
interesting facts and sayings ma}' be quoted. In 1707, Sir J. Floyer invented 
“ the Physician’s pulse watch ” which ran for one minute only. The clinical 
thermometer was scarcelj' used till the end of the i8th century. About 
the same time percussion' was practised by Auenbrugger the son of an 
innkeeper who had been used to percussing his father’s wine casks to 
ascertain the level of the contents. 

In 1S16, Laennec invented the stethoscope, a wooden cylinder a foot long 
and one and a half inches in diameter and advocated its use in place of the 
old direct method which “ was not only ineffective but inconvenient, 
indelicate and in hospitals even disgusting ”. 

Lastly, two sayings by physicians, Gull’s first, " However clever you are, 
jmu are sure to overlook Phthisis, S3*philis and Itch ”. Wilks made a remark 
Avhich sounds very modern in these da3'S of labour shortage ! “ Nursing 
sometimes a trade, sometimes a profession, ought to be a religion.” 

One statement about Laryngology must be corrected. Garcia is credited 
with the invention of the lar3''ngeal mirror in 1855 ; actually Dr. Benjamin 
Guy Babington, a physician at Gu3'’s Hospital demonstrated his " glotti- 
scope ” at a meeting of the Hunterian Society in 1828. 

The vast number of references indicates in some degree the author’s 
industiy which fills one with admiration. An excellent and most readable 
Hist or AC 
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Laryngology and Otology 

(Fouudfd tn 1887 try Morell Mackenzie and Norris Wolfbnden) 


September 1946 

WHAT CAN WE DEDUCE FROM 
QUANTITATIVE ESTIMATIONS OF BONE 
CONDUCTION? 

By A TUMARKIN (Liverpool) 

Introduction 

In a recent discussion at the Otological section of the Royal Society of 
Medicine, it was generally agreed that audiometer estimations of bone 
conduction were unreliable and misleading Similar opinions have been 
expressed in America, especially by those surgeons who are performing 
the fenestration operation There is a tendency to revert to the use 
of tuning forks m the estimation and diagnosis of deafness In the 
writer's opinion this is an unfortunate tendency Audiometer tests as 
performed with modem machines can give more information than any 
tuning fork tests Nevertheless the quantitative audiometry of bone 
conduction is inaccurate owing to a fundamental difference between the 
view point of the otologist and that of the physicist or manufacturer 
In the present article, I discuss that difference and indicate the means 
for resolving it 

Tnr Classical Assumptions 

Let us assume that bone conduction is never diminished by any 
abnormalities in the conducting tissues, so that provided an individual’s 
inner ear is normal his B C will be normal however diseased liis skull 
or middle-ear structure may be This assumption is, of course, not valid, 
but starting from it we shall arrive at a simple hypothesis and we may 
then re-introduce the necessary vanables in order to approximate to 
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the actual conditions. It follows that any diminution in B.C. must be 
attributed to disease of the inner -ear i.e. perceptive deafness. Further- 
more hearing loss by air conduction represents the total deafness due 
to the conductive loss plus the perceptive loss. If the B.C. in such a 
case is normal, then the disability is entirelj^ conductive. If B.C. is 
reduced then the conductive deafness is estimated by subtracting the 
B.C. loss from the total loss. 




Fig. I. 

Hypothetical Audiograms. Based on Classical Theory. 

(fl) Kormal ear. {b) Pure perceptive deafness of 3° (d Pure conductive 

deafness of 20 d.b. (d) Mixed deafness 20 d.b. perceptive plus 20 d.b. conductive. 
X — Air Conduction.,^ , O — Bone Conduction. 

Only figures for 1000 c.p.s. are show-n. 


In Fig. I the findings (on this hypothesis) are shown for the auditory 
acuity at 1000 c.p.s. o|^(a) a normal ear, (b) a pure perceptive deafness of 
30 db., (c) a pure conductive deafness of 20 db. and (d) a mixed deafness 
of 40 db. made up of- a 20 db. impairment in the inner ear and 20 db. 
in the conducting mechanism. 
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This IS how we should wish our tests to work It is roughly the point 
of view developed by Fowler before the Amencan Otological Society on 
May 27th, 1935 If that indeed was the way in which the ear worked, 
we should have no difficulty in using the audiometer in the diagnosis 
and estimation of deafness 

Unfortunately, matters are by no means so simple and it is 
high time that the more obvious fallacies in the procedure uere 
analysed 

The Threshold Power Relations 

Let us begin by stating explicitly the line of reasoning which led to 
the above four diagrams Fig la is simple The normal ear read:> zero 
by A C and B C because that is how the machine is constructed 
The attenuator dial is so built that when it shows zero by A C the 
acoustic energy given out by the telephone is just audible to the normel 
ear (m a silent room) Similarly, when the attenuator reads zero for 
B C (and usually this is at a different point from the A C zero) the 
vibrator just produces an audible sound when placed on the mastoid of 
a normal hearing individual It follows that in each case the same 
amount of power is being delivered to the organ of Corti, 1 e , just enough 
to evoke an auditory sensation 

The a C Power Relations 

Does this mean that the same amount of power is being delivered 
by the telephone and vibrator respectively ’ By no means ' Have we 
any means of companng those two quantities ’ At first sight that does 
not appear to be difficult We start off by estimating in microwatts 
the intensity of the sound which just evokes auditory sensations 
At 1000 c p s this IS about 10 ’ microwatts We now encounter our 
first difficuity This is the sound energy offered to the drum It is 
not the sound energy taken np by the drum The abihty of a membrane 
to take up sound energy depends on how closely matched its impedance 
IS to that of the vibrating medium Considerable vanations of impedance 
occur at different frequencies and different intensities owing to con- 
tractions of the tensor tympani and the physical charactenstics of the 
drum 

This difficulty becomes formidable later on but for the moment 
we can brush it aside, because we are not at present interested in the 
amount of energy taken up by the drum We are only interested in the 
amount offered, and that is a readily understood and measurable quantity 

Let us now make the assumption that at threshold (at 1000 c p s ) 
the power consumed by the inner car is 10* microwatts We may then 
estimate the efficiency of the A C apparatus for 1000 c p s at threshold 
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by comparing the power consumed by the inner ear with the power 
offered to the drum. This gives us an efficiency ratio of 


lo'- 

10 - 


but 


we must be careful to stress that these figures only appty for looo c.p.s, 
at threshold. Now suppose we increase the test tone loo-fold i.e. 20 db. 
^Vill the power consumed by the inner ear be similarly increased. That 
is almost certainly not the case, but, being still in search of a simple 
hypothesis, let us assume that it is so i.e. at all frequencies and all 
intensities the power delivered to the inner ear is one hundredth of the 
power offered to the drum. 

For reasons which will appear later, we now push our analysis two 
steps backward, namely to the electrical energy in the coil of the telephone. 

This energy is transformed into mechanical energy in the vibrating 
diaphragm and from there it is transformed into sound energy. 

In a well constructed telephone there is a fairly linear relation between 
acoustic output and electric input. Suppose that factor is one-tenth. 
Then at threshold the electric output of the audiometer must be lo'* 
microwatts i.e. 1,000 times the power delivered to the inner ear. This 
relation is graphically shown in Fig. 2. This shows the relation between 



electric power delivered b}^ the audiometer output circuit to the coil 
of the telephone and the mechanical power delivered to the inner ear. 
The co-ordinates represent the energy delivered to the inner ear. Point 
T represents the threshold i.e. the point at which the inner ear is receiving 
lo'* microwatts. At that point the audiometer output is 10 * microwatts. 

The A.C. attenuator dial would read zero for point T. t^Tien the dial 
is rotated to R the audiometer output is increased bj' zo db. i.e. loo-foId. 
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We have agreed to assume that the power delivered to the inner ear 
increases pan passu with the audiometer output i e it nses from lo ’ 
at T to 10^ at S 1 e RS equals TR This relation holds for any intensity 
of sound and it is clear that the graph must be a straight line at 45 degrees 
We say that there is a linear relation between audiometer output and mner 
ear input 

The B C Power Relations 

Now let us turn to the vibrator We have agreed that at threshold 
(1000 c p s ) the vibrator is supplying the inner ear with the same power 
as the telephone 1 e 10 ’ microwatts Can we determine for the vibrator 
an efficiency factor comparable with the figures we have already obtained 
for the telephone 

What must we measure In the case of the telephone we had no 
real difficulty We measured the acoustic energy of the sound field, 
but what are we to measure in the vibrator '> Shall we measure the 
mechanical energy in the vibrating button, or the total power delivered 
to the skull The latter would include the energy dissipated in the soft 
tissue, plus the energy used up in rocking the skull as a whole, plus the 
energy used up in causing waves of compression to traverse the skull 
Or shall we measure the power delivered to the inner ear itself The 
latter would be an ideal solution, and, as I shall show later it is the one 
we must obtain, but at present we have no knowledge whatsoever of 
its value 

What of the power delivered to the skull The interested reader is 
referred to the monumental works of Barany and Bek&y on that problem 
Their pioneer work deserves to be more widely recognized They have 
clearly outlined the complexity of the problem and have indicated the 
lines along which future research must proceed Their oivn results are 
however, not sufficiently generalized to seive as a theoretical basis and 
indeed it must be confessed that we still do not know exactly how the 
skull vibrates or how the mner ear picks up those vibrations 

These problems have apparently not occurred to the manufacturers 
of hearing aids At any rate, the wntcr has never found any reference 
to the matter The simple fact emerges that the manufacturer is 
content to measure the electric power in the output circuit of the audio- 
meter Let us therefore measure that quantity At any rate it has 
the advantage that it is directly comparable with the A C tests 

Let us assume that it is 10 microwatts (Fig 3) so that the efficiency 
10’ 

of B C at threshold at 1000 c p s is — = one millionth As before, let us 

assume that that factor is constant for all frequencies and all intensities 
Then ive can draw the resulting linear relation for B C as m Fig 3 
The threshold is at M and by similar reasoning to the above we draw the 
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B.C. graph MQ at 45 degrees. This is our first goal, a basis for comparison 
between B.C. and A.C. 



De.'^fness Expressed in Terms of Power Consumption in Inner Ear 

Now let us apply this graph to a patient wth a pure perceptive 
deafness of 20 db. [Fig. 4]. First consider his A.C. test. In accordance with 
all our assumptions the air attenuator dial must be rotated to point R and 
the power delivered to the inner ear is represented by the ordinate RS. 
Now consider his B.C. tests. As he has a pure nerve deafness, the 
same amount of power must be delivered to the inner ear. We find 
point P on the B.C. graph such that the ordinate PN has the same height 
as RS. Wdien the B.C. attenuator is rotated to N the vibrator is 
delivering the same amount of energy to the inner ear as was delivered 
by the telephone at R. It is easy to see that the B.C. attenuator reading 
will be 20 also. 

We do not seem to have achieved verj^ much wth this elaborate 
discussion. In fact, at first sight we seem to have argued in a circle. 
We have demonstrated the " fact " that in pure nerve deafness, the 
B.C. attenuator reading is the same as the A.C. attenuator reading — 
(Fig. 4). Actually, this is all we set out to do i.e. to render explicit 
the train of reasoning which leads a clinician to expect this to be the case. 
But at what a cost have we reached this conclusion. The various 
" simplifying ” assumptions which I have repeatedly made as to the 
linearity of relations were absolutely necessarj^ in order to achieve this 
result. The result in fact depends on the assumption that TRS and MNP 
are similar triangles. But it is in the highest degree unlikely that that is 
the case. At any of the points at which energy transfer takes place 
i.e. Electrical energy in coil of telephone into Telephone diaphragm 
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Coabined AC and BC readmes in pure pereeptne deafness 
of 20 d b assuming linear relations throughout 



A.C lossttTR^stio d b BC loss=-MN«20 d b 


In each case the inner ear requires lo microwatts at threshold i e points 
S and P respectively so that RS^^NP 
TR*MN because we have made TS parallel to MQ 


Combined \C and BC readings m pure percepiise dealness 
of 20 db — aamftUeg that tie retaUons are non ftoear 



Fig 5 

As in Fig 4. inner ear requires io -3 microwatts, i e points X and Y so that 
VX=sWY but as TX is no longer parallel to MY TV is nof equal to hfW. 
A C lossscTV appears to be 40 d b 
B C loss=M\V , „ , 30 d b 

Diagnosis „ „ „ mixed deafness 
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vibrations, Telephone diaphragm vibrations into sound waves in air, 
Sound waves into drum vibrations, drum vibrations into ossicle vibrations, 
and a similar set of transfer points is the B.C. route, the relation is likely 
to be non-linear. 

The theory outlined by Fowler assumes that when the B.C. attenuator 
is rotated to any point — say 20 db., it delivers to the normal inner ear 
a quantity of energy which is exactly the same as the quantity delivered 
by the A.C. telephone when its attenuator reads 20 db. The existence' 
of all these potential non-linear relations quite invalidates that theory. 
Suppose for example the true state of affairs were as shown in Fig. 5. 
Compare points X and Y. In each case the power delivered to the inner 
ear is lo'^ microwatts i.e. they have the same loudness, but X is an air 
conducted sound registered on the audiometer as 40 db. whilst Y is a 
B.C. sound of only 20 db. Suppose a patient with pure nerve deafness 
required lo'^ microwatts at threshold, then his audiogram would be 
as shown in Fig. i {d) i.e. he w'ould be diagnosed as a " mixed deafness 

The Fallacy 

The origin of this confusion should now be apparent. The clinician 
is thinking in terms of the energy delivered to the inner ear. The audio- 
meter manufacturer thinks in terms of the energy output of his instrument. 
If the two quantities were linearly related no harm would accrue. 
Unfortunately, it is most unlikely that such a simple relationship exists 
and therefore the quantitative comparison between B.C. and A.C. must 
be inaccurate and misleading. 

The Solution 

Is the problem therefore insoluble ? Not necessarily. can at 

any rate get an approximate answer as follows : in Fig. 6 I have drawn 
two identical audiometers each giving out the same tone — say 1000 



The Physical Fallacy. 

The B.C. vibrator must be calibrated by a loudness balance against the telephone and 
not against the power in the audiometer output. 
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c p s Instrument A is delivenng by air B by bone Set A to 30 db 
and let a normal individual listen to it Now apply the vibrator to his 
mastoid and rotate its attenuator until the B C sound is as loud as the 
A C sound This is a standard type of loudness balancing and presents 
no difficulty to a trained observ'er MTien the balance has been achieved 
Me know that the vibrator is delivering as much acoustic energy to the 
inner ear as the telephone We do not know how much that energy is 
— nor do we care We call that point on the B C attenuator dial 30 db 
regardless of its value measured against the electrical energy in the coil 
Such loudness balances must be made at other points — say 10, 20, 30 
db up to 70 db or more and intervening points can easily be inter- 
polated Such a B C scale is absolutely arbitrary and mil almost 
certainly be much more complicated than the simple sub-divisions of a 
logarithmically wound potentiometer on the output circuit of the 
audiometer It might turn out that enormous variations exist between 
different normal individuals This would almost deal a death blow to 
any hope of a rational theory of B C tests I believe however, that this 
is unlikely to be the case WTiat is possible is that the calibration for 
one frequency may be different from the calibration for another In 
exactly the same way, the subjective loudness of the sound in phons 
differs considerably from its objective intensity in db Math vanation in 
pitch and intensity (see Harvey Fletcher) This difficulty is easily 
surmounted by constructing the necessary corrections on the audiogram 
blank 

Such an audiometer would enable us to deal with all our physical 
difficulties outlined above Would it therefore solve our problem ’ 
By no means We still have our physiological or pathological problems 
I started mth the assumption that B C loss was entirely due to nen'e 
lesions and that conductive lesions could not diminish heanng by bone. 
Unfortunately that assumption is too sweeping Fowler believes that 
round and oval mndow lesions can interfere with B C Guild and 
others hare suggested that microscopic fractures in certain regions mav 
interfere and certainly the results of fenestration seem to indicate that 
B r loss is not always due to a nerve lesion This is a subject of urgent 
importance The audiogram has been falling into disrepute lately 
because of its obvious inaccuracy It is perhaps unfortunate that 
quantitative estimations have been attempted with such a faulty instru- 
ment The older tuning fork tests were in the main, qualitative and not 
being so ambitious, they did not incur so much cnticism 

The pitfall lies in the attempt to compare A C and B C quantitatively 
Rinne's test is essentially qualitative, although even so its results are 
frequently ambiguous and confusing Schwabach compares patients' 
B C with the doctor's B C Thus, the tuning fork tests have been 
regarded by many clinicians as more rehahle than the audiogram This. 
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and a similar set of transfer points is the B.C. route, the relation is likely 
to be non-linear. 

The theory outlined by Fowler assumes that when the B.C. attenuator 
is rotated to any point — say 20 db., it delivers to the normal inner ear 
a quantit}' of energy which is exactly the same as the quantity delivered 
by the A.C. telephone when its attenuator reads 20 db. The existence' 
of all these potential non-linear relations quite invalidates that theory. 
Suppose for example the true state of affairs were as shown in Fig. 5. 
Compare points X and Y. In each case the power delivered to the inner 
ear is 10'^ microwatts i.e. they have the same loudness, but X is an air 
conducted sound registered on the audiometer as 40 db. whilst Y is a 
B.C. sound of only 20 db. Suppose a patient with pure nerve deafness 
required lo'^ microwatts at threshold, then his audiogram wpuM'''Fe^ 
as shown in Fig. i (d) i.e. he would be diagnosed as a '' mixedr^eafness ”. 

The Fallacy 

The origin of this confusion should now be apparent. The clinician 
is thinking in terms of the energy delivered to the inner ear. The audio- 
meter manufacturer thinks in terms of the energy output of his instrument. 
If the two quantities were linearly related no harm would accrue. 
Unfortunately, it is most unlikely that such a simple relationship exists 
and therefore the quantitative comparison between B.C. and A.C. must 
be inaccurate and misleading. 

The Solution 

Is the problem therefore insoluble ? Not necessarily. We can at 
any rate get an approximate answer as follows : in Fig. 6 I have drawn 
tw'o identical audiometers each giving out the same tone — say 1000 


A 


Fig. G. 

The Physicai- Fallacy. 

The B.C. vibrator must be calibrated by a loudness balance against the telephone and 
not against the power in the audiometer output. 
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Introduction 

In the first part of this article, I discussed the physical fallacies 
inherent in our present technique of B C audiometry, and I indicated 
a method whereby those fallacies might be corrected In this part I 
wish to discuss the physiological or pathological fallacies We shall 
find ourselves confronted by problems to which the answer is as yet 
unknown, but the method of our analysis ivill itself reveal the lines 
along which research must proceed if we are ever to attain an under- 
standing of the significance of B C audiometry 

Modes of Vibrations of the Skull 

We open our enquiry by asking what happens to the skull when a 
vibrator is placed on it In order to answer that question, we first 
consider what happens m certain much simpler physical conditions 
AX IS an infinitely long column of metal If it is suddenly tapped 
by a hammer at A we know that the lamina A' undergoes compression 
(Fig 7) 


A B C _ X 



Fig 7 

TRA^SMISSI0N OF Sound ^■VAVEs in as Infinite Medium 


It lurches against its nght hand neighbour A’ which also becomes 
compressed A” passes the compression on to A*" during which time 
A' IS expanding back to its normal position Thus, a ivave of compression 
traverses AX If we replace the hammer by a vibrator, we set up in AX 
a true sound wave Every lamina of AX m its turn undergoes rhythmic 
condensation and rarefaction Every particle swongs rhythmically to 
and fro with a phase which depends upon its distance from A and also 
upon the wave length of the sound For instance if the vibrator has a 
frequency of 1000 c p s the wave length will be about four feet That 
IS to say at intervals of four feet from A there will be laminae B, C, etc , 
which are moving exactly m step with A 
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WTiat happens if AX is not an infinite medium ? Suppose instead 
that it is mercty a lamina A'. When struck by a hammer, it lurches to 
the right but it does not encounter the elastic resistance of its neighbour. 
It is free to travel in air and it does so. Thus, instead of undergoing 
compression, it acquires a mass A'^elocit}'. It moves as a unit with a 
velocity which depends on its total mass and the energy of the blow. 
Similarly under the attack of a vibrator it merely swings rh3dhmica]ly 
to and fro. Thus two entirety different phenomena occur according 
to whether the medium is infinitely large or infinitely small. 

V^diat happens when the medium is intermediate in size ? Both 
phenomena occur, but one or other will predominate according as the 
medium is large or small. “ Large or small ” must be construed by reference 
to wave lengths. Thus a medium one foot long would be " small ” if 
attacked by a vibrator at loo c.p.s. but it would be large for a frequency 
of loooo c.p.s. 

In general a finite medium when attacked by a vibrator wll : 

1. Swng rhythmically en masse i.e. it will undergo pendular trans- 
latory movement. 

2. Transmit true sound waves i.e. it will undergo rhjdhmic 
condensations and rarefaction. 



Fig. 8. 

Three Possible Modes of Mass Movement. 

1. Rotarj’ movement around a vertical axis through O. 

2. Rotary movement around a sagittal axis through XY. 

3. Translatory movement along PQ. 
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Now apply these ideas to B C tests For simplicity we regard the 
skull as a solid sphere and not a hollow bony capsule containing brain 
tissue Also we disregard rotary en masse movements In Fig 8 a 
rnbrator applied at V to a sphere could set up three different types of 
movement 

1 Rotary movements round a vertical axis through 0 

2 Rotary movements round a horizontal axis through XY 

3 Translatory pendular movements from right to left and back again 
We choose to disregard i and 2 because foUoivmg Barany w e regard them 
as probably unimportant Furthermore their investigation presents 
peculiar difficulties Nevertheless it is right to note them so that when 
more refined methods of research are available it may be possible to 
review their significance 

For the present we confine ourselves to 
z Translatory eu masse movements 
2 True sound waves 

and we shall see that both factors are capable of setting up the sensation 
of hearing 

The Fallacy 

It appears therefore that m B C audiometry we are attempting to 
measure at least two very different phenomena Despite the obvious 
possibility that they can vary independently we attempt to specify them 
by a single index — the B C impairment on the mastoid Hence the 
physiological fallacy 

Translatory Movfmert 

How do the two factors work > Consider first translatory move- 
ments of the skull In Fig g I have shown the conventional diagram 



Tie g 

The I^E)^T1A TRA^SI,ATORY EFFECT 


of the cochlea with its stapes in situ Instead of the malleus and incus 
I have shoum a mass M lightly suspended \\’hat happens v hen a vibrator 
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is applied to such a " skull ” at V". Confining ourselves to translatory 
movements we see that owing to inertia M will lag behind the general 
movement, so that S undergoes corresponding oscillations. For a given 
force in the vibrator, the oscillations of S will depend on : 

1. The site of application of the vibrator. 

2. The freedom of the suspension of M. 

3. The mass of M. 

Returning to the skuU, we first make allowance for the suspension. 
The ossicular chain is much more constrained than M in Fig. 9. Re- 
garding the t3Tnpanic membrane as confined to the plane ABCD in 
Fig. 10 we see that the vibrator will have minimal effect along the circle 



Fig. 10. 

The Circle of Indifference and the Poles of Maximum Effect. 

ABCD and it \vill have maximal effect at the two points X and Y where 
the axis of the plane emerges from the skull. This argument is of great 
importance. If it is correct it should be possible to demonstrate such 
maximal points and also a circle of indifference corresponding to ABCD 
by a suitable exclusion of other variable factors. 

Suppose the constraint is increased. Let M be rigidly fixed to the 
casing. Clearly it follows the casing movements immediately. There 
is no phase lag and no B.C. effect. Similarly if S is rigidly ankylosed 
there is no possibilitj^ of inertial translatory effects from the impact of 
the ossicular chain. This point should be carefully noted. Its bearing 
on otosclerosis is clear and it gives us our first glimpse of a possible 
mechanism whereby B.C. in conductive lesions might be diminished. 
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The effect of the mass of M depends not only on its magnitude, but 
also on its point of appUcation, i c its centre of gravity Suppose for 
example the incudo-stapedial joint is separated The effective mass is now 
merely the stapes so that ue expect the effect to diminish The relation 
of the centre of gravity to B C effects has been discussed at great length 
by Bardny The wnter is not prepared to agree w ith many of Bfir&ny s 
points, or mdeed with his main thesis to the effect that the whole design 
of the mammaban middle ear aims at suppressing bone conduction 
This theory is important enough to merit separate discussions and so 
for present purposes we content ourselves ivith recognizing that the 
arrangements of the main ossicular mass above the axis of rotation and 
the mam elastic components below the axk may have such an effect 
If that IS the case, then changes in those components must increase 
bone conduction According to BdrAny, the chain is so constructed 
and balanced that B C is a minimum consequently erosion of the 
ossicles, loading ivith granulation, perforation of the drum etc , should 
all result m increased B C We are in no position as yet to distinguish 
clinically between all these possibilities but we are at least entitled to 
recognize that if inertia translatory effects occur at all, then it is possible 
for them to be disturbed In some cases this will result in increase, in 
others in a decrease of B C In all these cases the changes visualized 
are in the conductive mechanism They produce their effect quite 
independently of the condition of the organ of Corti 



Fig IX 
A Paradox 

Sound waves m the skull need not necessarily produce a sensation of sound 

Compression and Distortion 

Now let us turn to compression effects First we note the curious 
paradox that these true sound waves in the skull need not necessarily 
produce sympathetic vibrations of the basilar membrane, i e they need 
not necessarily produce a sensation of sound 

Let a stnng AB be stretched across a capsule floating m water If 
the sound wave encounters the capsule m the axis AB only a rhythmical 
longitudinal shortening and lengthening of the stnng will occur No true 
transverse vibrations will occur even if the stnng is resonant to the sound 
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Avave employed. Particles A and B move in different phase, but only 
along the line AB. There is no tendency to transverse displacement. 

Of course if the sound wave comes in obliquely there will be such a 
phase lag in a transverse direction, resulting in a mounting transverse 
displacement, especially if string and sound wave are in resonance. 

This presumably is what happens in the skull. The compression 
of the sound wave sets up an asjTnmetric distortion of the otic capsule 
with resulting transverse displacement of the basilar membrane. In 
particular the corresponding basilar fibre falls into resonant vibration. 
This should therefore be described as a distortion effect and it differs 
from the true compression effect on which so much stress has been laid 
by Bekesy and others. The latter occurs as follows. Fig. 12. Imagine 



Fig. 12. 

The Compression Effect. 

This depends on different compressibility of fluids inside and outside AB. 


a small capsule AB floating in water traversed by a sound wave. 
Regarding AB as a lamina we envisage it undergoing rhythmic con- 
traction and expansion. Thus, if a small outlet pipe P were inserted we 
might at first sight expect the fluid in AB to surge up and down P with 
each pulse of the sound. A little consideration, however, reveals that 
this is by no means necessarily true. Suppose AB contains fluid which 
is identical with the surrounding medium. Then the fluid inside the 
capsule is condensed (and rarefied) to exactly the same extent as the 
.surrounding fluids. The previous theory that the level in the capillary 
outlet P would rise and fall really assumes that the contents of AB are 
incompressible (or at any rate less compressible than the surrounding 
medium. How is it with the ear ? In this case the capsule AB is 
represented b}" the labyrinthine fluids and tissues. The petrous represents 
the surrounding medium. We are perhaps entitled to assume that there 
is sufficient difference in compressibilit3' between bone and fluid to 
produce a true compression effect, but that is certainty a matter calling 
for investigation. 

Even granting such a difference we have certain other assumptions to 
make before we attain the necessar3'- conditions for auditory stimulation. 
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Fro. *3. 

t/aiform compressioQ of the two scalar faifs to disturb the basiUr membrane. 


If the compression is luiiform — ^as in Fig, 13 both windows will bulge 
equally and the basilar membrane will remain symmetrically stationary. 
The necessary distortion of the basilar membrane can occur if one 
window is more compliant than the other as in Fig, 14. 



Fic. *3 

II one -window 15 more rigid than the other, there iiilj be 
differential movement of the basilar membrane 


Finally, if. as in Fig. 15 extra fluid is forced in from the semicircular 
canals— the requisite differential movement will occur The above 
figures are taken from Bekesy. 

Let us now consider under what conditions these effects might be 
altered. Clearly changes in the elasticity of the windows might have 
such an effect Post-suppurative fibrosis — radical mastoidectomy etc,, 
would presumably modify compression B C effects. 

What about the site of application of the vibrator. Here we encounter 
considerable difficulty and much will depend on the wave length. To 
begin ivith, we note that the wave starts from a small area under the 
vibrator and spreads throughout the skull. We might expect therefore 
that the intensity would be greatest immediately under the vibrator, 
and would diminish at more remote points. We must not however' 
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forget that when the wave reaches the periphery of the skull it is reflected 
back as a wave of rarefaction just as in an open organ pipe. In the case 
of high frequencies it is even possible that standing waves occur. If the 
phenomenon of compression B.C. could be isolated, it might theoretically 
be possible to map certain points on the skull at which certain frequencies 
would be quite inaudible by bone conduction. At other points freak 
loudness might occur. This possibly explains the occasional case in 
which B.C. is louder in the contralateral ear. 

This review of the relevant factors in B.C. hearing is admittedly 
superficial and probably very incomplete. A satisfactory evolution of 
all the components will only emerge as a result of practical research. 
The present analyses is onlj- proposed as a simple working hypothesis out 
of which certain lines of research might evolve. Let us therefore correlate 
our findings with a view to extracting some suggestions for research. 



It must first be emphasized that any of the above mechanisms will 
have a diminished effect if the end organ has deteriorated. Inner-ear 
deafness imist diminish B.C. hearing. It is clear however that the 
converse is not true. Diminished B.C. is not necessarily due to inner- 
ear lesions. 

The inertia translatorj' effect is entirely manifest via the middle-ear 
structure, it possibly has a circle of minimal effect and two poles of 
maximal effect. It diminishes in significance as the frequenc}’’ rises. 

The distortion and compression effects are also partly affected by 
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the middle ear structures, but to a much less extent than the inertial 
effects In the ivriter’s opinion, the compression and distortion effects 
are least affected by vanations in the conductive apparatus It follows 
that if u e could devise some means of evaluating those effects independ 
enfly we should have the most rehable index to the condition of the inner 
ear It is only fair to say that this opinion is not universal Guild 
for instance claims that sound waves are selectively conveyed to the 
inner ear by certain special trabeculae m the subaditus region He has 
demonstrated that fractures and even atrophy of these trabeculae can 
occur and m such cases the B C rvill be impaired even though A C is 
normal This possibility must be admitted but in the ivnter s opinion 
there is no reason to expect it to be a common, phenomenon Authenti 
cated cases of normal A C with reduced B C are excessively rare 

Research Proposed 

How shall we set about disentanghng this network of vanables 
First we need an audiometer calibrated by the loudness balancing method 
which I have outlined in the first part of this article Next we need a 
senes of inteUigent patients with monaural heanng Cases of unilateral 
labynnthcctoray G S \V etc would be suitable In that way we ehmm- 
ate our first source of confusion — viz simultaneous stimulation of 
two ears I do not discuss here the precautions to be taken ivith regard 
to background noise, occlusion of the meatus clenching of the teeth etc 
The confusion which can anse from neglect to eliminate these vanables 
IS well known and the necessary precautions are equally well known 

Let us assume we have suitable audiometers intelligent monaural 
patients and adequate equipment Our next step wnll be to analyse 
clinically their ' healthy ears It should be possible to find all types 
of cases from apparently perfectly normal to extremely deaf Further 
more m certain cases it should be possible to say that the trouble is 
very probably an inner ear deterioration This diagnosis w ill of course 
only be tentative— -on the basis say of an apparently normal drum 
high tone loss by A C etc In other cases a tentative diagnosis of middle 
ear deafness may be possible on the basis of suppuration or penotic 
fibrosis \\e shall then proceed to investigate them for a possible 
" circle of indifference ’ and associated poles of maximal sensitivity 
This of course is on the assumption that inertial translatory forces are 
significant This investigation :,hould start with low frequencies m 
accordance with the theory that the lower the frequency the more rviU 
translatory effects predominate The wnter has already attempted 
this investigation on a group of patients who had had unilateral labynnth 
ectomy for intractable Meniere s disease The results were far from 
convincing but it is to be hoped that a more senous investigation will 
be undertaken under more suitable arcumstances If such a circle 
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of indifference ” could be demonstrated, it should be possible to 
demonstrate its disappearance at high frequencies, when presumably 
the distortion effects would predominate. 

Tests of this type on a series of normal ears should give us some 
standard of comparison. We could then proceed to test a supposed 
case of pure inner-ear deafness, expecting to find a uniform loss of 
sensiti\nty. The ‘‘ circle of indifference ” should still be present and the 
poles of maximal sensiti\ity. Lastly cases with middle-ear disorganiza- 
tion would be examined. In these the “ circle of indifference ” and the 
poles would not be demonstrable. On the other hand high frequencj' 
B.C. might be normal. 

The above outline is, of course, entirety tentative. No research 
worker expects to pursue his work along the exact lines oniis original 
plan. I shall be satisfied if the analj'sis has contributed a little towards 
the formulation of the problem. 

Summary 

1. The phj'siological fallacy in B.C. tests is analj-sed. 

2. Certain deductions are made as to possible variations of B.C. 
with frequency and with point of attack of the vibrator. 

3. Suggestions are made as to lines of research which might throw 
some light on the mechanism and diagnostic significance of B.C. tests. 

Mathematical Analysis 

A hnear equation is one which is representable in Cartesian co- 
ordinates by a straight line. Its most general algebraic form is y=mx-f c 
where m and c are arbitrary constants. For simplicitj' we ignore c. 
The equation y~mx is a straight line through the origin inclined at an 
angle 9 such that tan 

Clearly if x is multiplied by any factor y is equally augmented e.g. 
if X is doubled so is }•. 

Let Y be the power consumed in the inner ear in producing the 
auditory sensation. 

Let X be the power in the audiometer output circuit. Clearly Y 
depends on X. But the exact relation vnll depend on whether the energy 
is transmitted by A.C. or B.C. 

We therefore distinguish Xa the audiometer power when the phone 
is jacked in, and Xb the audiometer power when the vibrator is jacked 
in and we write equations Y = ^ (Xa) Y — IF (Xb). 

Now consider the threshold of audibility. The inner ear is consuming 
a certain amount of energ}* which we vill represent by Yo. In order 
to produce that sensation the audiometer output by air is xa and by 
bone is xb. We write Yo — th (xa)=’F (xb). xa and xb are constants. 
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Nov for the fallacy Consider pure nerve deafness say of 30 db 
It IS assumed that such a patient will just hear the signal by A C when 
the audiometer output is increased by 1,000 and that similarly he mil 
just hear by B C when the audiometer output is increased by 1,000 
Let Zo be the power consumed in that deaf patient's ear at his threshold 
Then these assumptions imply that 

7.0 — ^ (1,000 xa)=¥' (1,000 xb) 

The argument holds for all degrees of nerve deafness 1 e instead of 1,000 
ue write p where p has any value between i and 10" (or whatever is 
the range between lower and upper limits 

Now It IS easily seen that such a relation ij> (p xa) = If' (p xb) can only 
hold if both (j) and ' 1 ' are linear (excluding of course the solution ^=1? 
involving xa=xb which we know to be incorrect) 

Is it possible for ^ and f' to be linear ^ In other words when a noise 
15 augmented a million fold, does the inner ear consume a million times 
as much energy’ I doubt that very much For one thing it implies 
that the ear has no defence at all against loud noise The transmission 
by bone is even less likely to be linear in new of the multiplicity of 
factors involved and yet if these functions are not linear it is quite 
unjustifiable to compare A C and B C audiograms as we do m 
quantitative tests 

Note — ^A linear function may slope at any angle 1 c ^ may vary 
between 0° and 360° and yet the reader will observe that I have drawn 
the graphs in Figs 2 and 3 in each case at 45° The reason is that these 
diagrams really express the relations between the logarithms of the 
quantities in question 

Thus let y=mx so that log y=Iog x + log m 


<iv 

The slope of the graph (le tan 9 ) in the first case is given by ^=vi 


but in the second case it is 

d (log x) 

Thus in the case of any linear function drawn loganthmically tan 
9=1, 1 e the line slopes at 45'’ 
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ON DIRECTIONAL HEARING 

By L. B. W. JONGKEES and J. J. GROEN (Utrecht)* 

Besides being able to perceive the sound qualities of height and 
intensity, man is capable of projecting the perceived sound into space. 
He can estimate more or less accurately the distance and the direction 
from which a sound is reacliing him. The investigation of this problem 
was started long ago by physicists and technicians, especially in 
connection vuth the stereophony in acoustical engineering, and much 
information has already been gained. 

Briefly for directional hearing in the horizontal plane three factors 
are relevant namely : the difference of intensity in which the sound 
reaches both ears, the difference of phase between the tone reaching 
the left and the right ear, and for discontinuous sounds the difference 
in time of arrival of the sound at the two ears. For all these factors 
two organs are required to make directional hearing possible. Indeed 
it is well known that persons with one deaf ear are hardly able to 
determine the direction of a sound. 

The occurring intensity differences are however only appreciable 
for high tones. Sivian and White (i) have proved experimentally that the 
difference is practically zero below 300 Hz. These intensity differences 
are caused bj' diffraction phenomena which only occur if the wave 
length is small compared vdth the dimensions of the head. Stewart and 
Hovda (2) found that it was possible to create a directional sensation 
by presenting sounds with an intensity difference to the two ears. The 
results were not very' steady' though and differed greatly from one person 
to another. However, a logarithmic relation between the angular 
displacement of the sound image and the intensity difference at the 
ears could be established and was later corroborated by von Bekesy (3) . 
The authors believe that in the natural hearing process the directional 
sensation is caused by quality' differences in complex sounds owing to 
these diffraction phenomena for the high components. 

As the intensity differences are certainly insufficient for an explana- 
tion for low tones the phase difference was considered. Rayleigh and 
Bowlker (4) suspected that the phase influences this process, but Firestone 
and ^^'■ightman (5) proved that it was hardly' possible to determine the 
direction of a pure tone, presented with a phase difference to the two ears. 

* From the Ear, Nose and Throat Department of the University Clinic, Utrecht. 
Director, Professor A. .\. J. van Egmond, M.D. 
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Indeed it is very difficult to determine the direction of a sound, consisting 
of a purely sinusoidal tone, whereas it is much easier for complex sounds 
Tor tones with frequencies above looo Hz no phase effect may be 
expected because one phase difference would then correspond to many 
directions Van Soest (6) moreover demonstrated m an elegant expen- 
ment that beside the phase also the intensity must certainly be relevant 
A. tuning fork is placed on a long rubber tube m vanous positions One 
then estimates how far the sound seems to be displaced to the nght or 
to the left When the fork is on the left half of the tube a maximal 
nght sensation is never observed, even if the phase difference is such 
that this might have been expected 

Starting from the observation that the direction of a sound blast, 
a noise and a complex tone is much more easily determined than that 
of a pure sine, Hornborstel and Wertheimer {7) amved at the theory that 
the difference in time of arrival of the sound at the nght and left ear is 
responsible for the directional heanng Von Bekesy and van Soest and 
Groot (8) showed in laboratory expenraents that a directional sensation 
really is connected with the time differences varying from a raillisec to 
a microsec There is of course much similanty between the theory of 
time difference of amval and that of phase difference The active 
phase difference is the time difference between two corresponding states 
of vibration at both ears Above 1600 Hz also the time difference 
theory has to be abandoned, because then even the greatest phase 
difference corresponds to a time difference too small to permit detection 
of the sound source in the direction of the produced aural axis 

Finally at present combinations of the above mentioned theories 
are tried as a solution For instance, according to Hartley and Fry (g) a 
combination of intensity and phase difference permits the estimation of 
the direction and even of the distance of the sound source De Boer (lo) 
concludes that for human speech 90 per cent have to be explained by 
intensity differences and 10 per cent by phase differences This author 
stresses the point that the diffraction of sound by the head depends 
on the frequency This dependence causes changes m timbre which 
may explain some directional heanng even with one ear Moreover 
vanations in timbre may help the localization in other than horizontal 
planes and decide between symmetric positions in front and back because 
of the irregular shape of the skull Phase and intensity can only restnct 
the place of the sound source to a rotational cone (ii) 

According to van Soest (8) and Wallach (ii) the exact spot on this cone 
IS determined by small movements of the head 

Such IS bnefiy outlined our present state of knowledge For the 
physiologist vanous difficulties anse Though these theories may be 
of great practical value and have already yielded important results for 
modern acoustic engineering they do not explain in any way the 
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physiological directional heanhg process. The artificial experiments on 
directional hearing in the physical laboratories, with differences in 
intensity and phase cause no directional hearing in the physiological 
sense. No projection of the observed sound into space is obtained, 
wth an associated directional sensation. On the contrary the sensation 
is as if the sound is located within the interior of the skull, more or less 
right or left. This was already observed by the investigators in this 
field and has given rise to the curious concept (or rather word) " virtual 
sound-image ” (12). 

Experiments 

We therefore had recourse to the most elementary problem and have 
investigated from what direction a test person with closed eyes estimates 
a sound is coming. In order to obtain objective and measurable results 
we used a graduated semicircle along which the sound source could be 
moved, and on which the test-person was requested' to indicate' where 
he thought the source was situated. For each experiment the sub- 
jective place as indicated by the test person was plotted as a function 
of the objective place, both in degrees as marked on the arc graduation. 
The experiments were performed in the sound- and reflection-free cellar 
of the aural clinic of the University of Utrecht. The radius of the semi- 
circle used was 50 cm. 

First a number of experiments was performed with various sorts of 
sound sources, as it was known that the place of origin is determined 
with var5dng ease for different sorts of sounds (13). Furthermore experi- 
ments were performed mainly in three planes : the horizontal plane, 
the vertical plane through the ears and the vertical plane through the 
nose, perpendicular to the former, designated as horizontal, vertical 
side and vertical front plane respectively. Moreover experiments were 
performed to eliminate the influence of the auricles by tying them flat 
to the head or by placing short tubes of about 6 cm. length in the auditory 
canal. Finally we did some experiments with one ear closed by a piece 
of cotton wool soaked in paraffin wax. 

Sound Source 

As a source we used in the first place a telephone emitting purely 
sinusoidal tones from a frequency generator, operated at a frequency of 
4000 Hz., 1000 Hz. or 500 Hz. These tones have a purely sinusoidal 
character as is shown by experiments with a kathode ray oscillograph. 
An effort to investigate the localization of tuning forks failed as it was 
impossible to excite the fork sufficiently to be heard at a distance of 50 
cm. without noticeable by-sounds. Furthermore we have used organ 
pipes, namely a Gallon whistle at about 12,000 Hz. an a^ and an e" organ 
pipe. As a source of a more complex sound we took a watch. Experi- 
ments regarding the localization of the human voice with the aid of an 
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amplifier were discontinued, as the watch was a perfectly satisfactory 
representative of a highly complex sound source 

In general we found in agreement with Reich and Behrens (13) that 
complex sounds, noises and ticking can be localized better than pure 
tones, especially in the vertical plane No noticeable dependence on 
the height of the tone could be observed 


Plane oi Investigation 

With the expenments in the horizontal plane, when the sound source 
was moved along the semicircle at the height of the ears at a radius 
of 50 cm about the centre of the head we constantly found for all sourtes 
a good power of localization, at least m the region m front of the tsst 
person 

We always observed a slight displacement of the sensation relative 
to the true source in the direction of the produced aural axis 

Perhaps it is useful to show that the point where the source 's 
believed to be is indicated by the test person with the finger In a series 



The curve represents the subjective localization of the sound source as a funct on of >ts 
place in the plane investigated On the abscis«i the subjective place on the ordm^t® 
the objective place of the sound source is indicated The whole curve covers i8o* with 
zero at the centre The plane of investigation is horizontal the sound source a pure si"® 
of 500 Hz from a frequency generator The zero is straight m front of the test pers^i^ 
Typical S shape 


of test experiments this form of indication proved to be very accurate 
It was also shown that it was irrelevant which hand (the left or the right 
one) was used to point at the observed sound source In this way a 
curve with a slight S shape is obtained (fig i) for all kinds of sources 
However good the localization in front of the test person may be, it 
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very difficult when the sound originates behind him. Besides the 
difficulty of the indication which may overcome with some patience, 
the phenomenon of mirrored images appears. Very often a sound 
originating from behind us is perceived as if coming from the same angle 
in front. Especially the pure sine gives rise to this misinterpretation. 
For instance of 13 cases investigated with a pure sine of 1000 Hz., ii 
showed mirrored images for all or for the majority of points from the 



Plane of investigation horizontal. Source : aS organ pipe. Zero point in the direction 
of the produced aural axis towards the left side. Further data as in Fig. i. 

Mikkored Image 


back to the front (fig. 2). With the pipes this only happened in 50 per 
cent, of the cases, with the watch only occasionally. 

Great care has to be taken not to guide the inteipretation by 
involuntar}^ complex noises such as the breath of the experimenter, 
crackling of his shirt or suit, for this guidance is utilized immediately, 
usually unconsciously. Similarly, if one expects a sound to come from 
a certain direction, then it is indeed perceived from that direction. With 
some suggestion by the investigator in this way even a mirrored image 
from front to back side may well be obtained. 

The presence of resonance planes has influence. In certain positions 
the entire mirrored images effect may disappear, for instance when 
lying on the ground or on a flat table during the observations. So far 
we could not discover sufficient regularity to draw any conclusions. 

In the experiments when the source moved in the vertical side plane 
it was found that with the frequency generator practically no localization 
was possible\ Mostly the sound was heard as if coming from a fixed 
point, independent of the true place of the source (formation of a sound 
centre). \ 
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With the organ pipes a good localization was possible, although 
here too an S-shaped curve resulted, which means that the impression 
IS displaced outwardly i e upward and do^v'n\^ ard (fig 3) It is cunous 



Plane of investigation left vertical side plane Source e" organ pipe Zero point 
in the direction of the produced aural axis towards the left side Further data as m Fig 1 
Pronounced S shape and dispersion of points 

that the localization for a high Galton whistle is more accurate than 
for a low e’ pipe A few times a point is reflected relative to the 
horizontal plane and especially m the neighbourhood of the aural axis 
(the zero point of the scale) there is often some dispersion The 
localization of the ticking of a watch is excellent 

If the semicircle is m the vertical frontal position relative to the test 
person the results are in the mam lines similar to those obtained at the 
vertical side position Again the localization of the pure sine tone is 
impossible, whereas pipes and a watch are well localized Also here 
sometimes a slight S shape of the curve is observed, and once in a while 
mirrored images from above downwards Moreover a phenomenon 
IS here observed of which a slight suggestion could already be traced 
^vlth the experiments m the vertical side plane namely a compression " 
of the cur\'e towards the zero point, that means that the sound when 
coming from exactly above or below, is perceived about 20° in the 
forward direction (fig 4} 

Also m the case of the vertical planes the curves are influenced by 
the addition of reflectory planes If for instance the experiments in 
the vertical plane are performed on top of a table with reflecting leaf 
(in the other expenments we always worked on a table with a leaf of 
wire gauze, which doesn t reflect the sound) then for the lower part of 
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Fig. 7 

Plane of investigation : horizontal. Source ; e- organ pipe. Tubes in the ears. 

Further data as in Fig. i . 

Double S-shabe 


Closing of one Auditory Canal 

Finally we investigated the effect of closing one of the auditory 
canals by means of a piece of cotton wool soaked in paraffin wax. This 
caused a decrease of the intensity observed by about 15 db. somewhat 
dependent on the height of the tone. No influence in the frontal vertical 
plane could be estabhshed. In the vertical side plane a displacement 



Fig. 8 

Plane of investigation ; horizontal front plane. Source ; pure sine of looo Hz. 

Further data as in Fig. i . 

First cur\-e ; immediately alter shutting off the right ear with a piece of cotton wool 
with paraffin wax causing an intensity loss of 17 db. ; displacement towards the left. 
Second curve ; 2 hours later ; decreasing devuation to the left. 

Tliird curve ; immediately after removal of the cotton wool ; displacement towards the 
. ' right. 
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' of the observed sound source towards the normal ear is found , the same 
' was observed m the honzontai plane After several hours this deviation 
decreases however and is only slight after 24 hours When after those 
24 hours the cotton wool is removed from the closed ear, a displacement 
of the observation towards this ear takes place, which lasts only a few 
minutes (fig 8) so that dunng the determination the deviation fades 
away Finally we were able to do some determinations with persons 
with hardness of heanng on one side As long as the heanng was such 
that the investigated sound stimulated both ears, rather good directional 
heanng was present If one ear was deaf or appreciably hard of hearing, 
the directional heanng was bad to very bad But even with total deafness 
of one ear some directional hearing remains in the vertical plane and in 
the honzontai plane at the side of the sound ear Further investigations 
are necessary before drawing definite conclusions 

Summary o£ our own Experiments 
Surveying our experiments it seems that few conclusions can be 
drawn from them regarding the nature of the process of directional 
heanng We wish however to point towards a few considerations which 
may guide further expenments 

In the first place we could corroborate that it is easier to determine 
the direction of complex sounds than of a pure sine It was not found 
to be true that a sound of 500 Hz could be localized more easily than 
one with a higher frequency In the vertical side plane we even found 
a stronger S-curve for the former kind The localization of the 4000 Hz 
sine or of the Galton whistle were certainly not worse than that of the 
500 Hz sine and the e* organ pipe 

We cannot explain the cunous S-shape, observed almost constantly 
m the horizontal plane It indicates that more accurate localization 
occurs in the direction of the produced aural axis and perpendicular 
to it than in any other direction 

The elimination of the auricles by tying them flat against the head 
or by placing tubes in the auditory canal makes vertical directional 
heanng almost impossible, whereas in the horizontal plane it also becomes 
more difficult Also reflection has a strong influence on directional 
hearing, which should not be neglected 

A decrease of auditory acuity of one ear has not much influence on 
the vertical directional heanng and even total deafness of one ear leaves 
some sense of direction, both vertically and horizontally to the side of 
the sound ear Hardness of hearing as a result of a swab of cotton wool 
soaked with paraffin wax has effect immediately, but after a few hours 
a loss of 20 db is already practically compensated On the other hand 
a displacement of the sound image towards the ear from which the 
paraffined cotton wool is removed after an insertion of 24 hours, fades 
away completely in the course of a few minutes 
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If it is true that intensity differences of the sounds at both ears 
responsible for a large part of the directional hearing in the horizonii 
plane, ii is, in any case, advisable to be aware of the fact that this I 
no fixed difference nor ratio, but one the interpretation of which i 
adapted to circiiiasiances such as shutting^off one ear. The exper-c ■ 
on elimination of the auricles indicate that, besides phase-, time- ■’ 
intensity-differences still other factors play a part. Possibly the thnha 
differences owing to diffraction around the head are more important 
than has been hitlic-rto believed. 

Ko argaments could be derived from our experiments in favour 
of the view of van Soest (6) and Wallach (ii) that by small movements ol 
L e nead, lIic exact position of the sound source is determined on the 
rotational surface belonging to a given phase and intensity difference. 

than such a surface can be caused theoretically by those 
uinerences. Some data must be added to cause an exact localization 
Gi me sound source on this cone. It remains obscure from this stand- 
point a pure sine is localized in the vertical direction ivith so much 
more culcy tfian in the horizontal direction. The same is true for 
e e imination of the auricles. Moreover it is strange that a virtual 
sound imap never gives rise to a sensation of higher or lower, but only 
left or right and perhaps forward and backward. 

Tiior-o ® of localizing pure sine tones, to determine the 

Lrp of the auricles is eliminated, and the independ- 

nhn^ u the directional hearing in the vertical 

bp ^ J” ^oatioHs that here a different explanation will have to 

owinsT tr> possibly also here the changes of timbre are important, 
S diffraction around the head and especially around the auricle. 
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CLINICAL RECORD 


THE HEARING LEVEL ELRVEN YEARS AFTER PARTIAL 
INTRACRANIAL DIVISION OF THE VIIIth NERVE FOR VERTIGO 

By W STIRK ADAMS (Birmingham) 

As the number of cases in this countiy of hemisection of the Vlllth nerve^ 
IS likely to be few, this case record presented eleven years after a successful 
operation 

The patient uas referred to me by Dr R Wilkinson, of Smeth^vlck, in 
November, 1934 She was then 29, married, and gave a history of giddiness 
since she was quite young, though she uas only able to remember her first 
attack at the age of 14 At that time if she stared at anything she was able 
to control the giddiness In the attack external objects moved upwards to her 
left and doivnwards to her right , if she closed her eyes the attack passed off, 
and at that time there uas no rotation of external objects These attacks 
continued as part of her life but causing her little discomfort until 1930 
She then had a tonsillectomy performed and following this she began to fall 
in her attacks , external surrounds rotated in front of her and if she held 
the table her surrounds became steady, though she sometimes fell across the 
table 

A gradual increase in her symptoms occurred after this, and she found 
herself unable to tolerate the cinema, unable to fix her vision on an object 
and quite unable to cut her nails -In the preceding six weeks she had become 
very much worse, and described severe attacks of ‘ nerves ’* where something 
seemed to shoot up her left leg, her left side, her left arm, then putting up her 
hands she became hysterical She became numb, could not feel herself, 
and she had the sense of rotating Nausea had been severe but she had not 
vomited 

She had known her left ear to have been deaf for the previous fifteen years, 
with occasional discharge, and the l^st penod of discharge had occurred three 
months earlier Her right ear was not affected Tinnitus, like steam and 
running water and like a bull blowing ” had been noted in her left ear, and m 
the left side of her head , while headaches, located in her eyes and the back 
of her neck had also upset her Occasional numbness had been present in 
both hands and both legs and a tight fullness m her epigastnum, when “she 
can’t get her breath” 

fhrrocfrc worhemrig' of her symptoms, efesenbeef as attacks, occur at 
intervals, the last attack began nine days previously and she had not fully 
recovered from it 

Examination in November, 1^34 showed a normal drumhead on the right 
side, while in the left there was a wuJe postero infenor defect without exudate, 
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exposing the round window niche and showing the stapes. Her hearing ior 
my whisper was at 6 feet distance from her right ear and 2 inches only from 
her left ; while tuning fork tests showed her able to hear the range between 
4096 and 64 d.v, on both sides, with a negative Rinne, though slightly 
shortened bone conduction for 256 on the left. Her upper tone limit by 
Edelman whistle was at 25000 on the right and 21000 on the left. At this 
time there was no spontaneous nystagmus, though a past pointing error in 
the lateral vertical plane of 2 inches forwards was present on both sides. 

Shortly afterwards she was admitted to the General Hospital, Birmingham, 
and investigation by Dr. Gilbert Hall, Registrar of the Neurological Depart- 
ment, showed no evidence of any intracranial space occupying lesion, and 
Mr. Beatson Hird reported her fundus oculi and vision normal. My colleague, 
Mr. Alan Stammers, at my request, carried out a section of the anterior | of 
her left auditory nerve in the posterior cranial fossa, using the cerebellar 
route. No difficulty or complication was encountered ; she made a perfect 
post-operative recovery and her traumatic nystagmus had almost disappeared 
a week later. 

My chief consideration in asking him to deal with the auditory nerve in 
this way was firstly to exclude an Vlllth nerve tumour in view of her numerous 
symptoms, which suggested that more than a labyuinth dysfunction was 
present ; and secondly because I did not wish to carry out a destructive 
operation on her left labyrinth through an infected area. 

Six months afterwards she reported that her subjective vertigo persisted 
as before, but that now the attacks of abdominal distress came first, followed 
by vertigo, while prior to the operation her vertigo appeared first and was 
followed by abdominal symptoms. 

After this I lost sight of her until March, 1946, when she was referred 
to me in Hospital by Dr. Daly of Quinton. She then told me that after her 
operation ii years previously her giddiness had not completely disappeared, 
and she was a little unsteady all the time, especially when she turned to her 
left. With the passing years there was no change in this, but periods lasting 
up to three months occurred, when she was very well ; and she noted when 
her nerves were bad her unsteadiness returned. The attacks of rotary 
nystagmus and vertigo had never returned. 

She remained reasonably well until three months earlier, when after an 
attack of influenza she experienced a nerve attack starting with a sensation 
of rotation in her epigastrium ; and now she notes that pressure on her left 
knee produces vertigo, when external objects move from her left to right, 
and when she raises her arms she feels giddiness coming again and she has 
to drop them. 

She thinks she is a little deafer in her left ear, and has an intermittent 
tinnitus “ like a low hiss of humming ” in her right ear and a " high pitched 
sound ” in her left ear ; these are onlj^ noted when she is quiet. There is no 
paracusis. 

Examination showed congested upper respiratory membranes, a tonsil 
remains, while in her ears there was no further change in the drumheads. 

Her tuning fork tests showed her able to hear the range between 2048 and 
64 d.v. on both sides. 



Clinical Record 


The differential 256 test by A C sho\^ed Weber referred to the left 
Bone conduction shortened on the right side and equal to mine on the left 
Rinne positive on the right and negatne on the left side 
Her A C Audiogram shows a high tone dip on both sides 
There was no spontaneous nystagmus 

From these findings I conclude that her hearing level on the left side ha^ 
been maintained during the past eleven years 

I would like to e\press my thanks and appreciation to Dr Gilbert Hall 
and Mr Beatson Hird and congratulate my colleague Professor FAR 
Stammers on the result of the operation 
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Discussion on War Deafness and the Care of Deafened Ex-Servicemen 

W. I. Daggett 

The subject chosen for the consideration of this section today is one 
that requires careful handling. The field is a large one and, if the 
opener tries to cover in detail all aspects of service deafness, there will 
be no time for discussion. Although there has been abundance of clinical 
material throughout the war period, it has been quite impossible for army 
otologists to advance our knowledge of deafness in any revolutionary way. 
Cases have all too often been seen but once or twice before evacuation ; E.N.T. 
departments have not been equipped for research ; whilst record keeping has 
been so difficult that essential facts have often been lost. From the scientific 
Ipoint there is little to be gleaned from small series of cases examined 
j r such conditions. General impressions may be useful as a spring board 
,, further investigation, but the conclusions drawn from them are not of 
themselves of permanent value. Despite this, I would like to pay tribute to 
those otologists who have put on record their findings, for I know only too 
well what their difficulties have been. Regretfully I must admit that most 
of what I have to say today amounts to personal impressions, largely un- 
supported by statistical evidence. No claim whatever is made for original 
thought or work. 

Hundreds of thousands of fighting men have been permanently deafened 
to some degree during the war, and it is my first purpose briefly to review the 
types of deafness which were seen by Army otologists. Later, when discussing 
after care, I propose to solicit the opinion of members regarding perceirtage 
disability allowed to deafened service men in accordance \vith the first schedule 
of the Royal Warrant. 

I cannot confine myself strictly to deafness which started during war service 
because many recruits were taken in without a proper aural examination. 

I have seen young otosclerotics whose length of service was just over a year 
unable to hear a conversational voice at 2 feet. Other cases have appeared 
for boarding in whom the ravages of chronic suppurative otitis media during 
childhood have gone unnoticed. Again it was more common than one would 
suppose to discover total deafness in one ear, the origin of which had obviously 
preceded army service. 
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As early as 1941 it was becoming recognized that too many men with 
incapacitating aural lesions were being accepted , in the fullness of time, 
refemng recruits to otologists came into being and this has proved most 
successful 

The scale of pension allowable to patients whose disability was not spotted 
before enlistment raises a problem which ivill be referred to later 

Every kind of deafness was met with by army otologists at one time or 
another even senile deafness, therefore a detailed analysis is out of the 
question I shall omit any description of deafness affecting flying personnel 
because my expenence of this branch of otology has been so limited and because 
Air Commodore Dickson, who is speaking later, has an unequalled knowledge 
of the subject 

For the sake of convenience I propose to speak of 

1 Conduction Deafness 

2 Perception Deafness 

3 Functional deafness which includes hysteria and malmgenng 

Conduction Deafness 

Acute otUis media resulting from spread of infection along the Eustachian 
tube was common in the army Except when sufferers were debilitated by 
prolonged exposure and lack of food it behaved as one would expect , severe 
residual conduction deafness was noted in a small number of my own cases, 
but at the time I had never considered any possible connection between this 
unexpected sequel and the exlnbition of sulpbonamides 

Middle-ear damage resulting from blast has been given much consideration 
by otologists everyivhere, and it is axiomatic that correct treatment of cases 
in the field and base hospitals was all important Unw^arranted interference 
(lb tniito was a dangerous and pernicious practice never altogether eliminated 
There are many ex servicemen who must now take time off work to attend 
clinics on account of chronic suppurative otitis media which followed syringing 
or the use of drops immediately after injury 

Sometimes in the early days one was tempted to consider lucky those 
wounded men who were too ill to complain of deafness and too shocked for 
others to spot their disability at least their ears were left alone McNaughtan* 
before Aiamein made a routine examination of 300 men wounded by bursting 
missiles ten per cent suffered blast injury to the drum he states that m 
almost every infected case there had been interference by synnging or drops 
Because it was often impracticable for all seriously wounded men to be 
examined by an otologist deafness would sometimes not be officially recognized 
till months later When there was no note of injury on the Field medical 
card or case history sheet confusion arose when attnbutabihty was being 
assessed by a Medical Board 

Rupture of the drum from blast causes conduction deafness which may 
pass off completely after healing has taken place Undoubtedly however, 
m quite a high proportion of cases, complete restoration of hearing does not 
occur because of co existing cochlear damage SuggiU (1943) puts this figure 
at 22 per cent and Collins^ (^945) at 40 per cent In many cases where 
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there is no associated cochlear damage, loss of hearing following drum rupture 
is surprisingly small granted that infection does not supervene. 

An impression was gained in the first Great War that drum rupture 
minimized cochlear damage. Guild”* (1941) considers that this contention is 
supported by his own animal experiments. 

Otosclerosis has been mentioned already and calls for but one comment. 
Deterioration of hearing is more rapid under war conditions and may be 
remarkable under the stress of prolonged bombardment and privations. 

Perception Deafness 

Perception deafness resulting from gunfire and explosions is inseparable 
from modern war, its characteristics are well known. In a then confidential 
report, now submitted for publication, Murray and Reid 5 in Australia described 
some interesting experiments carried out upon soldiers exposed to measured 
gun blast pressures. They found that the amount of internal ear damage 
a gun was liable to cause runs parallel with the “ peak blast pressure ”. Even 
small blast pressures caused severe deafness if a sufficient number of rounds 
were fired. These observers took audiometer readings before and after 
exposure and noted the high pitch loss which is now familiar to us all, the 
common “ peak loss ” between 4096 and 8192 cycles, and the tendency of 
extension to the lower frequencies which may follow severe exposure. The 
papers of Suggit’ (i 943 ). Siicox and Schenk* (i 944 ). Collins^ (1945) and many 
others also present interesting points in the same subject. 

In jungle warfare men with high pitch loss were undoubtedly handicapped 
in night operations when the snap of a twig or the call of a bird might be of 
significance. 

Because it is agreed that there is no curative treatment, official considera- 
tion was constantly being given to prevention. At present there is no satisfac- 
tor}?^ answer. 

Suggit suggested that improved protection for naval gunners might result 
if tight fitting helmets with telephones were adopted. He pointed to encouraging 
results which followed their use in aircraft and quoted the work of Dickson, 
Ewing and Littler" (1941). In the army such protection might have been 
feasible for personnel of fixed coastal defence batteries, but would be otherwise 
quite impractical. For instance helmets and respirators could not safely be 
worn together. 

Certainly such helmets might have been adopted with advantage for the 
personnel in engine rooms of M.T.Bs, for serious perception deafness was very 
common in men so emploj^ed. This is not to be wondered at, for three super- 
charged petrol engines of 1,500 horse power each were packed into a space so 
small that the noise was unpleasantly loud even before the throttles were 
opened. 

Murray and Reid? described their experiments with an ear protector 
(Protector Ear drum Aust Mark i) and showed that it was indeed effective, 
but admitted that, like all efficient devices, it gave rise to a minimum overall 
30 decibel loss. They maintained that such protection should be worn, because 
without it deafness rendered the hearing of orders difficult anyway. They 
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Stated that orders could easily be given in such a way that protected personnel 
could hear them : I consider that this is questionable. 

The protectors described W’ere made of neoprene synthetic rubber, they 
were hollow except for a single diaphragm of the same material, and the outer 
surface was stepped, its size conforming to a cross section of the external 
meatus. It was claimed that, when introduced with the aid of a lubricant 
consisting of merthiolate in a lanoline base, there was little chance of external 
otitis. Personally I cannot help thinking that, if such plugs were used in the 
desert, external otitis would result whatever precautions were taken. 

Many men do not consider that they are deaf at all and yet have a charac-ter- 
istic hearing loss above 4096 or even 2048 cycles. Just before I was posted 
away from my first overseas unit. Major Helme of the Royal Artillery con- 
structed an audiometer out of spare Radar parts. Testing at random person- 
nel from one 3.7 AA gunsite, I found that only one cookhouse worker showed 
a normal curve. What happens to these men eventually ^ I have little 
doubt that when they reach the age of 45 to 50, a great number will be all too 
conscious of their infirmity. It is impossible to think out any schemes for 
compensating men with premature presbyacusis. 

Perception deafness resulting from causes other than gunfire and explosions 
were not common. I have seen two cases of severe deafness (one \nrtuany 
complete) which occurred in patients suffering from proved undufant 
fever. 

Persistent deafness following large doses of quinine was seen but of^ce 
McMahon* has recently pointed out the rarity of qumme deafness m the 
Amencan Army. Undoubtedly the adoption of mepacnne for the suppressive 
treatment of malaria has been a responsible factor. 

I became very interested in perception deafness of an unusual type winch 

epidemic of 1944 Major Dimond’ first drew my attention to the conditi^>n 
and he has ^vritten up his findings m nearly 100 cases Lt -Col Ransome*® who 
had been Associate Professor of Medicine at Singapore, told me that in certain 
epidemics of scrub typhus in Malaya, deafness was well known, but in Napier's 
latest textbook there is no mention of it as a feature of any single one of the 
rickettsial diseases 

I examined many of Dimond's cases with him and was convinced of the 
truth of his contention that perception deafness was a reality and occurred 
before the disease could be certainly diagnosed Qumme had been given to 
some patients before evacuation to base and this confused the picture for a day 
or two The extreme apathy characteristic of the disease often rendered 
examination valueless Perhaps it is true to say that this same apathy has 
precluded the recognition of deafness in other epidemics Complete recovery, 
which however could not be confirmed by audiometiy', took place when the 
con\aIescent stage was reached Dimond suggested that a tuning fork should 
be considered a most valuable diagnostic instrument in suspected cases of 
scrub typhus 

At this point I W'ould like to mention that unilateral complete deafness 
was often missed even by otologists, because heanng tests were perfonned 
Without adequate masking, and a false negative Rmne was not appreciated. 
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Mistakes such as this might mean that men capable of causing disaster could 
participate in front line jungle warfare. 

Functional Deafness 

From my experience in Malta and the M.E.F. I agree with Lumsden” 
(1945) that functional deafness was rare. Collins^ {1945) has already pointed 
out that in certain cases men would tend to e.xaggerate the degree of their 
deafness ; indeed in 1943 this became a troublesome problem in one desert 
hospital which drew cases from a large base camp holding many low category 
men. The soldier whose hearing standard was 3 and who was categorized 
B6, after months of idleness or irritating fatigues became frustrated and 
depressed because there were not enough useful jobs for B6 men ; his hearing 
loss then became difficult to assess. Frequent audiometer readings to show 
up inconsistencies were not possible. It was fortunately not very detrimental 
to the war effort if errors were made and such men were boarded home before 
they became fixed psychotics. 

In India functional deafness assumed serious proportions. In the first 
large Indian Base Hospital I visited there were no less than 17 cases in one ward. 
The condition was virtually unknown amongst British troops, and it was not 
until I had been in the country long enough to learn the bare essentials about 
Indian life and customs that any line of action could be recommended to 
higher authority. 

i\Iay I digress for a moment and remind you that, though the Ser%dces 
recruited from sections of the Indian community which traditionally produce 
bom soldiers, the vastl}? expanded war time army drew extensively upon 
illiterates whose intelligence was low and who had no knowledge what the war 
was about. Because pajf was good and food assured, tens of thousands c<f 
most unlikely recruits joined up and fought well. There, were however many 
whose nostalgia for village life made them discontented. Thus there became 
a conflict between individual needs and service requirements and functional 
illness resulted. 

Of the apparently completely deaf men seen at base hospitals there were 
three main groups. 

1. Patients with some demonstrable lesion of the hearing mechanism. 

2. Patients with true hysterical deafness. 

3. Patients who were malingering. 

Group I was mostly drawn from troops who had been in action. Some 
were genuine but a greater number had a hysterical overlay. 

Group 2 comprised those who had become unaccountably deaf after some 
battle (or battle training) incident and had not been dealt with in the early 
stage. 

Group 3 was made up of soldiers who were serving in labour and pioneer 
'battalions as well as those who wished for an excuse to avoid danger and 
discomfort. 

I am quite clear on one point, namely that the true malingerer who was 
allowed to get away with his deception in the first few brushes with his medical 
officer invariably assumed. what might be called "induced hysteria” %vhich 
could never be broken. 
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There was a uell known " routine *’ amongst Indian malingerers Some 
irritant such as the marker nut was applied to the meatus of both ears wrth a 
long dirty finger nail , irritation, evconation and sepsis quickly produced a 
severe external otitis The patient would wait till there was free discharge 
and some periauricular tenderness, then he would assume complete bilateral 
deafness and report sick It was easy to disturb the composure of a joung 
R M 0 who had learned that profound deafness associated with mastoid 
tenderness and otorrhoea w’as often a senous condition There might be delaj-' 
before a specialist opinion was obtained, and e\en then inexpenenced otologists 
would let doubts assail them If such men w’ere admitted to hospital for 
observation they became confident m their deceit, and subsequent measures 
to restore heanng rarely succeeded whether a psychiatrist was convened or 
not Induced hysteria quickly became a reality and it must be remembered 
that when this stage is reached patients do not in fact hear 

The Indian would never simulate unilateral deafness He would squat 
or stand with dowmcast eyes looking the picture of misery, he would show no 
interest in any tests that were being earned out and would avoid looking at 
the medical officer who was investigating his case Patients would not 
acknowledge heanng any sound by air or bone conduction nor would they 
admit appreciating vibration when low pitch tuning forks were pressed upon 
the mastoid process A group of such cases collected together was interesting, 
no attempt by sign or gesture was made to initiate mter-communication 
To surpnse such a group attempting to make mutual contact was rare The 
medical officer’s difficulties, when his only assistant might be an Indian 
interpreter in sympathy with the sufferer, can be well imagined 

Craig** (1945) has stated that it was always possible to differentiate organic 
perception deafness from hysteria or maimgenng by a simple cold caloric 
test I fear I cannot agree with this view 

The key to rational treatment of all kinds of functional deafness is early 
recognition ”, and this proved extremely difficult in practice It was too waste- 
ful to post otologists far enough forward for them to collaborate with 
psychiatrists close to the line and in the advanced rest areas, but only at this 
level could hystencal states be easily and quickly broken down 

Malingering should have been spotted earlier and more frequently than 
it was The condition was virtually unknown in well disciplined units whose- 
medical officers were alive to the ” clinical picture ’ and had the courage 
to recommend disciplinary action forthwith In some units on the other 
hand, maimgenng assumed epidemic proportions largely as a result of 
inexpenence amongst medical officers, and lack of firmness amongst 
commanding officers 

After Care 

It IS pathetic to contemplate how little we have to offer deafened soldiers 
I have no revolutionary suggestions about the treatment of perception deafness 
and consider that any comments from me on the subject of lip reading and 
artificial aids would serve no useful purpose 

In regard to persisting chronic otitis media which may lead to furtlier 
detenoration of function, I would like to air views vvhich I hold very & 
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No otologist who has run E.N.T. clinics in Army hospitals can possibly 
■evade the conclusion that the results of treating his cases of chronic otitis 
media were infinitely better than those in civilian hospitals. The contri- 
butions of Banham '3 (1944). Scott Stevenson and Ballantyne’'* (1945) bear 
out this statement. Banham found that 80 per cent, of all cases responded 
satisfactorily to careful conservative treatment and that, when the perforation 
was central, one hundred per cent, became dry. The reason was that pains- 
taking individual attention was possible for every patient. “ 

It seems to me to be the dutj^ of the medical profession to organize E.N.T. 
services which provide facilities for the regular and efficient toilet of discharging 
ears by competent men. It is also essential that there should be a minimum 
of interference with the working hours of patients. Systems which allow 
seething masses of outpatients to wait hours for some harassed young house 
surgeon to repeat their drops must be revised and a more efficient plan 
substituted. 

In the Middle East, largely due to the drive and initiative of Lt.-Col. 
Lumsden, centres were started under otological supervision in which orderlies 
cleaned out ears. These orderlies were carefully trained and became alert, 
interested and useful men, proud of their head mirrors and clean hands. This 
system worked better than anyone could hope, and there seems no valid reason 
wh}' nurses should not be trained for similar work in comparable civilian centres. 

Compensation 

I suggest that the opinion of members of this section regarding the existing 
scale of deafness pensions might be of interest to the Ministry of Pensions. 
These are the rules laid down in the first schedule of the Royal Warrant : — 
" Each ear should first be tested separately, the other being blocked 
and the examiner placed at the side of the ear being tested. Both ears, 
used together, should then be tested with the examiner facing the patient, 
who should have his eyes closed. The degree of hearing should be recorded' 
for'(i) each ear separately, and (2) both together, according to the following 
scale. Assessment should be based on the Grade attained using both 
ears together ; the percentage assessment suggested as appropriate to 
the Grade thus attained is given in the last column : — 

Assessment for 
both ears used 


Grade Degree of Hearing attained together 

0 Total deafness . . . . . . 100% 

1 Shout not beyond 3 feet . . . . 80% 

2 Conversational voice not over i foot 60% 

3 Conversational voice not over 3 feet 40% 

4 Conversational voice not over 6 feet 20% 

5 Conversational voice not over 9 feet 

(rt) One ear totallj^ deaf . . 20% 


(&) Otherwise . . . . less than 20% 

A case in which the right ear attained Grade 4, the left ear Grade 2, and 
both ears together Grade 3 should therefore be recorded thus : — 

R : '4. L; 2. R-pL: 3. Assessment: — 40%. 
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The assessments given above apply to the deafness itself, apart from 
complications such as vertigo, tinnitus or chronic suppuration In so far 
as tinnitus may increase deafness it will thereby affect the assessment by 
lowering the standard of hearing It may also interfere with sleep, and 
there may be justification for an addition to the assessment on that account 
Vertigo should be assessed on its incapacitating effect and association with 
other diseases ” 

I Will mahe but three comments 

1 There is no mention in these rules about differentiating patients whose 
hearing capacity is markedly increased by an instrument from those who are 
not helped by such means 

2 It has been suggested that those whose pre-war training enables them 
to earn good money whether deaf or not should be assessed differently from those 
who have not this advantage Personally I consider that such differentiation 
IS not feasible and would only give rise to dissatisfaction If a scheme were 
worked out on these lines it would be tantamount to a " means test " and 
therefore intensely unpopular 

3 Difficulties can be envisaged when assessing the percentage disability 
of those hysterical patients already alluded to when their hysterical state 
cannot be broken down These difficulties must of course be overcome by 
psychiatrists armed with an otological report Such cases will be judged with 
due attention to emotional instability both before and dunng service 
Doubtless some mistakes will be made, but it should be rare for a case of 
hysterical deafness to be awarded lOo per cent disability 

Lastly I must refer back to those deafened soldiers whose affliction ante- 
dated enlistment and yet was undiscovered Such men are entitled to pensions 
even when otological opinion states that their disability neither resulted from 
nor was aggravated by war service In the Ministry of Pensions instructions 
for Medical Boards it is clearly stated — “ If the disability which led to the 
member’s discharge is not recorded m the medical report made at the 
commencement of service, it is to be assumed, in the absence of definite evidence 
to the contrary, not to have been present at that time '* This instruction 
assures justice to those men who reported their deafness and yet were not 
believed 
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eight hours. Deafness up to i,ooo cycles was less than 20 decibels. This 
increased to over 70 decibels before 2,000 was reached. The drums were 
normal. 

3. A bomb fell near an A.T.S. girl during a Plymouth air raid in April 
1941. She was not unconscious or shocked and the deafness was noticed 
at once. When I saw her more than four years later the drums were normal 
and she showed exactty the same audiometer chart as the other cases I have 
mentioned. There rvas less than 20 decibels of deafness up to 1,500 cycles. 
This had increased to over 70 decibels before a frequency of 2,000 was reached. 
She could hear the conversational voice with ease at 25 feet in a reasonably 
quiet room but could make nothing of general conversation and she could not 
hear the telephone bell. This is characteristic of all these cases provided the 
involvement of the lower frequencies is not too great and shows that a serious 
disability may be easily missed in the speech test. It is, of course, noted at 
once on the audiograph. 

Now in case I have given you the impression that these gunfire cases at 
all events offer no difficulties as far as aetiology is concerned, I will quote a 
fourth case in which the history points as clearly to gunfire as the cause of 
the deafness as anything w'e ever get. After a salvo of big guns in Alexandria 
in 1942, the man found he was deaf. When I saw him over three years later 
there was a healed linear vertical scar in the lower part of the left drum. 
Both drums were otherwise normal. The audiometer showed a marked 
middle-ear deafness, equal in the tw’o ears, with a steep fall below 250. Above 
this frequency the threshold line ran more or less horizontally up to a frequency 
of 4,000. Bone conduction was normal and the Rinne was negative. 

It is probably in these cases of gunfire deafness more than in any other 
that we come across another most unhelpful factor. This is individual 
idios5mcras5^ We see cases which are permanently and even progressively 
deafened by the most trivial exposure to gunfire. It may be on their first 
day at the small arms training range. This factor makes it impossible to adopt 
an arbitrary minimum below which conditions would not be regarded as 
reasonably probable aetiological factors. 

Concussion deafness. In these cases, when other factors can be excluded, 
the deafness is of the middle-ear type. If there is any selective drop of the 
threshold line it is in the lower frequencies. By the time we see these cases 
it is usually impossible to tell if the petrous bone has been directly involved. 
Often there is a history of bleeding from the ears and occasionally of facial 
palsy. In some cases there is complete deafness with loss of vestibular 
response. I am excluding these cases. For the others there seems to be no 
obvious correlation between the severity of the cranial injury and the 
resulting deafness. I will quote two cases ; 

In the first case a motor cyclist had a head on collision. There was an 
extensive fracture of both skull and jaw and he was unconscious for five days. 
When I saw him a year later the hearing was practically normal for both ears. 
There was a history of some deafness and palsy on the left side but these had 
disappeared. 

The second case was an air crash rvith fractured base and other injuries. 
He was unconscious for ten days. When I saw him three years later the 
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drums were normal and there was practically no deafness On the audio- 
meter the threshold line was approximately horizontal m the region of ten 
decibels in both ears and no deafness could be detected by the speech test. 

These cases stand in marked contrast with those that show a marked 
middle ear deafness following quite trivial blows on the head without fracture 
or even scalp wound. 

Blast The visible damage in these cases vanes from a linear tear which 
quickly heals to a large ]agged perforation and even displacement of the 
ossicles 

When no infection has been added to the injury these cases can usually 
be readily recognized as of traumatic origin even when seen long after the 
incident When sepsis has supervened this diagnosis may be impossible to 
make by inspection 

Some of these blast cases show severe deafness with the steep fall for the 
higher frequencies charactenstic of gunfire deafness Here the noise of the 
explosion may be taking a hand in the clinical picture or they may be cases 
in which the blast has involved the lower portion of the cochlea contents 
Apart from these latter cases, which are in a great minority, the astonishing 
thing IS the slight degree of deafness which may be present even with extensive 
damage to the middle«ear contents This is in harmony with what we so often 
see in chronic aural sepsis I will quote one such case An officer stepped 
on a mine He lost a leg and an eye and both drums showed large irregular 
and obviously traumatic perforations There was no detectable deafness 
in either ear for speech at 25 feet 

I have said nothing so far about those cases in which there is no organic 
lesion to account for the deafness Cases, that is to say, of functional, 
hystencal or psychogenic deafness These terms, I take it for I must confess 
that I am completely out of my depth here, all mean that these cases have on 
the one hand no organic lesion to account for the deafness and on the other 
no conscious responsibility for the deafness present They have nothing in 
common with the deliberate malingerer except the absence of an organic 
lesion 

I have adopted a working rule that when a case shows a constant graph 
in the audiometer test these psychogenic factors can be ruled out and an 
organic lesion can be assumed to be present One capable of recovery in many 
cases but m the late cases usually seen at the Pensions Clinics probably 
permanent It is possible that this may occasionally lead to an error of 
diagnosis and a functional case he assumed to have an organic lesion Both 
the treatment and the prognosis will be involved in the error, but m so far as 
the deafness is outside the man's conscious control, that is to say if the wilful 
malingerer is eliminated, the deafness still remains the man’s disablement 

I would like to remind you, in conclusion, that the Ministry of Pensions 
is not engaged in original research Unlike the research worker it cannot 
wait till its decisions rest on an unassailable basis of scientific fact If it did 
so many of these men would have to wait a long time for their pensions The 
important thing is that the Ministry’s decisions should be arrived at promptly 
and with the least possible nsk of injustice to the men As I have already 
said when a doubt exists the benefit of it is given to the man 
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Rehabilitation, of Deafened Service Personnel 
Air-Commodore E. D. D. Dickson 

Deafened service personnel can be roughly divided into three categories ; 

• I. Those who had some hearing loss prior to joining up and whose defect 
was passed unnoticed and was therefore not recorded in their official 
documents. 

2. Those with some hearing defect which has progressively become worse 
or hais been aggravated through service. 

3. Those whose disability is attributable to service and has been caused 
by exposure to gunfire, noise, -H.E., or flying. 

The provisions made for rehabilitating these service cases is far from 
satisfactory. No organized scheme is available for a systematic course in 
lip reading and for providing a hearing aid under expert medical supervision. 
By the latter I mean an otologist with a thorough and intimate knowledge 
of audiometry, some understanding of hearing aids and an appreciation of 
the problems of rehabilitation. Within the service there is no provision for 
the rehabilitation of deafened service personnel, as it is considered to be the 
responsibility of the Ministry of Pensions to organize such comprehensive 
scheme, particularly for those cases whose disability is attributable to or 
aggravated by service. Cases whose disability does not come under this 
category have either to defray their own expenses or depend on the help of 
some charitable organization. 

At the close of the Lords’ Debate of Hearing Aids on 14th March, 1945, 
H.M. Government accepted a motion that otological clinics should be set up 
as part of any national scheme for the rehabilitation of deafened ex-servicemen. 
Reference is here made to three centres of rehabilitation already operating in 
the U.S.A. The essential features of these is that patients are hospitalized 
and there instruction in lip reading is co-ordinated with the supply of hearing 
aids and also when necessary with occupational guidance and training and 
psychiatric treatment. 

At one of these centres, Deshon General Hospital, Butler, Pennsylvania, 
since November 1943 when the service for the hard of hearing was established, 
824 patients have been admitted for rehabilitation. A survey of the first 
580 cases studied revealed that 73 per cent, had loss of varying degrees before 
entering the service and 27 per cent, of the patients developed the deficiency 
as the result of an incident occurring in the service. Aggravation by service 
was conceded in 10 per cent, of those where hearing defect was present on 
enlistment. 

It is understood that in this country the Ministry of Pensions would prefer 
treatment within the service. Its postponement after patients have been 
discharged from the service and returned to their homes makes uniformity 
and co-ordination of different forms of treatment impracticable. The only 
clinic in this country for the deaf with facilities for educational treatment and 
for tests of hearing aids, as well as tests of the capacity of patients to hear 
speech, is in Manchester under the charge of Dr. E. W. Ewing. It combines 
facilities for testing the physical characteristics of hearing aids and recom- 
mending them to patients after pure tone and speech audiometry and provision 
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for instruction in lip reading All deafened and hard of hearing patients need 
training in lip reading Those v.ho can be helped b\ the use of an aid benefit 
greatly from instruction about application capacitj and management 
"Many deaf patients for uhom a hearing aid has been considered unsuitable in 
the past are found to do uell uhen taught to combine an aid uath Iip reading 
Extensa e expenmental evidence is available that the majontj of patients 
follow speech more accurately when Up reading and listening with an aid 
simultaneously than when reljing on either of these means of help separately 
This system of educational treatment has enabled manj patients to retam 
normal employment whilst others who have been disabled b\ marked loss of 
hearing have returned to suitable work after training Service personnel 
whose disability is severe will require occupational training in order to re 
establish themselves in civil employment 

It IS suggested that the present resources of the Department of Otorhino- 
laryngology of the Central Medical Establishment of the RAF could be 
utilized in a directing and consulting capacity making full use of the Acoustics 
Laboratory which is equipped with testing apparatus and staffed by a phonetics 
expert, a physicist and techmcians all accustomed to aural problems In 
drawing up the scope and objectives of the rehabilitation centre close coUabora 
tion would have been mamtamed with Dr Ewing s Department in Manchester 
and a liaison with the three Committees of the M R C now mv estigating the 
medical and educational treatment of deafiiess Each patient s capacity 
to benefit from a heanng aid would be determined by tnal and this could be 
as lengthy as is required to accustom the patient to its u«e and maintenance 
and for the otological staff to approv e its v alue It is suggested that all patients 
invalided from the service on account of deafness should be posted to a 
rehabihtation centre for assessment of the di«abihtj and the amount of training 
required 

Attention should be paid to the future occupation auditory requirements, 
prognosis and intelligence of the patient when the optimum improvement 
had been attained The attention of the Ministry of I-abour would require 
to be directed to the possibilities of employment in cases requiring it 

The Rehabilitation Centres 

At the rehabilitation centres hp reading would be taught m classes but 
individual instruction is needed m some cases especially in severe or total 
deafness of sudden onset In the more advanced stages of training actual 
practice and informal group discussions are extremely beneficial Lessons 
in hp reading and heanng aid instruction can be combined WTien individual 
instruction is necessary the time per day would vary with the needs of the 
patient and seventy of the case In the USA scheme most case^ receive 
one or two thirty minute penods per day either in individual or group classes 
or both Others report once or twice a week for recheckmg The overall 
length of treatment is likely to be 2k months — that is the penod of hospital 
ization If It IS impossible dunng this penod to eliminate all problems then 
recommendation and practice matenal are given to the patient when he leaves 
hospital The results reported by the USA centre hav e been satisfactory 
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Progress and improvement depend primarily upon the ability and desire of 
the patients to apply themselves. 

An important factor is arousing the enthusiasm and interest of the patients 
in cheerful surroundings and occupation available through the day. The 
success depends largely on the choice of personnel running the centre and 
facilities for occupational therapy should be on a comprehensive scale. 

The personnel considered necessary for operating a rehabilitation centre 
would be as follows : 

1. An otologist to be in charge of the centre, to be responsible for the 
clinical work and co-ordinate the activities of the centre. 

2. A full time fully qualified lip reading instructor, with some under- 
standing of hearing aids. 

3. A physicist in charge of an acoustics laboratory. Laboratory facilities 
are considered a most essential part of any such scheme. Two technicians, 
one with a knowledge of audiometry. He would assist the otologist and the 
lip reading instructor with the hearing aids. An electrical mechanic to repair 
and maintain the testing electrical apparatus and hearing aids. 

4. A part time neuropsychiatrist (psychologist). 

5. A welfare worker who could maintain liaison with the Ministry of 
Labour, the charitable institutions for the deaf and patients’ families. He 
or she would also organize entertainments, discussion groups, etc. and learn 
the patients’ individual problems. He or she would be a most important 
member of the staff and the success of the scheme will largely depend on the 
choice of the right individual for the post. 

6. A reputable firm of hearing aid manufacturers who will work in the 
closest liaison with the medical and technical staff of the centres. 

In a certain number of instances an attempt has been made by the R.A.F. 
to help some of the most deserving cases, particularly when the cause has been 
established to be attributable to service hazards. Arrangements have been 
made for a course of training in lip reading and a hearing aid was supplied — 
the expenses being defrayed from service funds. We have facilities for fully 
investigating every case and for testing the performance and qualities of any 
hearing aid supplied. Only after we are satisfied that it fully meets the 
patient’s requirements is sanction given for its purchase. We have had the 
help and co-operation of a reputable firm of hearing aid manufacturers. They 
have loaned their aids on an extended trial and provided full service before 
and after purchase. Cases whose disability is not attributable to or aggravated 
by service have also been advised on the most suitable tjqie of aid and this 
firm has generously given as much as 40 per cent, discount to deserving cases. 
Again approval for its purchase rests with us. 

Unfortunately there are still many ill-advised cases who are being exploited 
by imscrupulous firms and being sold useless hearing aids for fantastic prices. 
I have personal knowledge of such cases. They have little or no redress 
except perhaps being sold a more expensive instrument. It is our duty to 
protect these service patients. 

It must be realized that once a service case has been invalided or demobilized 
it is not easy to institute a comprehensive course of rehabilitation such as we 
envisaged and which has been put into operation in the U.S.A. unless some 
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form of hospitalization is adopted. To issue a heanng aid without some form 
of rehabilitation is a waste of money. 

The President said that the three openers had put very ably the vanous 
sides of this difficult problem. Personally he had listened to them with great 
interest, and he felt, as a result, a very humble man. Some faults they seemed 
to commit war by war, generation by generation. He was old enough to 
remember that in the first world war they suffered from the fact that men were 
recruited without sufficient preliminary examination. That fault they had 
unfortunately committed again. He was old enough also to remember that 
in the first world war the greatest risk to the damaged ear was the doctor, 
and that again, he was afraid, was one of the risks that the damaged ear had 
had to face in this war. During the first world war he had for a time the care 
of a very large number of cases of middle-ear suppuration in hospital, with 
the advantage of day-to-day care by trained V A D s, and at that time he was 
struck, as many others were, by the extraordinarily good results obtained by 
detailed routine care of these cases Twenty years or more had passed, and 
the circle was now completed. Once more they were saying that in the next 
war they must really examine the men before they were called up, and in 
peace time must really take the trouble to organize routine conservative treat- 
ment for cases of suppurating ears 

Mr. R. G Macbeth said that it had been his good fortune to visit the 
Naval Hospital at Philadelphia 15 months previously This hospital was 
devoted largely to the rehabihtatiori'of all types of naval and marine personnel 
It might be interesting if he outlined the manner m which a deafened man 
was dealt with in that hospital. He returned from his theatre of N^ar and was 
immediately given a month’s leave Then he was directed to enter this hospital. 
At the hospital he was examined carefully by skilled otologists and if there 
was any ph3'sical disease, whether attnbutable to the war effort or not, this 
was treated. He was assessed from the point of view of his hearing, audio- 
grams were taken, a general physical check-up was made, and he was seen 
also by a psychiatrist If it were thought necessary he was then fitted wth 
a hearing aid, or given lip-reading instruction, or both, all within the hospital. 
He was then placed in a w'ard with men suffering from various disabilities, 
other than deafness, and therefore there was little likelihood that he would 
feel particularly sorry for himself. 

Each morning the man would be given instruction on vanous matters, 
as, for example, how later on to draw his pension, what insurance schemes 
were available, and so on An investigation was made as to what his trade, 
or profession might have been and 'whether or not this occupation was suitable 
for him on his return to civil life If the Mcupation were not suitable for a 
deafened person, attempts were made to find him one more appropriate to 
his disability in his home toivn The afternoon and the rest of the day was 
free for him to do what he wished within the framework of a naval organization, 
and the curfew in that particular hospital did not sound until midnight Thus, 
although he had certain duties in the morning, ranked as parades, he had 
nothing to do for the rest of the day. 

These men could be seen wearing their hcanng-aids in uniform and taking 
part m ordmarj’ activities, such as attending dances, the cinema, and even 
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concerts in the evening. One felt that the morale was very high, and that 
these men were going to be useful citizens. They realized that although they 
had lost something in its serrdce, the State was not unmindful of them. Tljeir 
manner and attitude was in striking contrast to the disgruntled behaviour 
met among those men in this countrj' referred, possibly months after discharge, 
by the Ministry of Pensions for an opinion on their deafness. 

Mr. Scott Stevenson said that he had been rather shocked to hear from 
Mr. Chubb that the audiometers used by the Ministry of Pensions went up 
only to 4,000 cycles. He hoped that would be altered in the near future, 
other\vise there would be some cases of cochlear deafness which would not get 
a square deal, as their hearing loss would show between 4,000 and 8,000 cj^cles. 
In some occupations the deafened man could carry on very well, but in others 
he was severely handicapped, but apparentlj'^ the Ministry of Pensions could 
not take that into consideration. He had the impression that a man with 
chronic middle-ear suppuration but who had good hearing did not get any 
compensation from the Ministry of Pensions ; yet he did not think any of 
them would pass such a man w’ith chronic middle-ear suppuration for life 
insurance. Such a man was under a disability which might possibly become 
a serious one. Another point concerned the men whose deafness, they were 
told, undeiTvent a natural increase. Cases had been turned down for pension 
on the ground that the increase of deafness was only natural. This depended 
entirely on the opinion of the otologist and otologists would differ on this 
point. It was vTong that any man should be turned down by the Ministrj^ of 
Pensions merely on account of a so-called natural increase of deafness. He 
was glad to hear that the R.A.F. were providing hearing-aids, but these should 
certainly be provided at the expense of the Ministry of Pensions, and he 
understood that that had been promised by the Minister. 

Mr. C. Hamblen-Thomas said there was not a sufficient number of 
trained technicians, including nurses, to deal with all these cases. The 
difficulty was to get patients treated by other than specialists. They had the 
specialists, but when it came to the carrying out of after-treatment it was 
difficult to get this done adequately. Something should be arranged whereby 
technicians and nursing staff were sufficiently trained to carry out the treat- 
ment which might be required. He had also found that out-patient treatment 
was not as satisfactory as in-patient. Unfortunately, in this country we 
were short of funds for this purpose, whereas over in America they had an 
unlimited amount of money. In this country it was known what the treat- 
ment should be but the trained people to carry it out satisfactorily were not 
forthcoming. 

Dr. Simson Hall said that he had noticed in examining naval personnel 
on several occasions that they suffered from blast deafness. He wondered 
whether there had been any research on the causation of nerve deafness by 
bone conduction. They had heard in the course of that discussion that 
experiments had been carried out with helmets and suchlike, but had any 
experiments been done on the use of sponge-rubber soles to the boots in order 
to avoid the transmission of concussion through the feet ? 

Mr. Chubb, in replying on the discussion, said that although he had been 
associated with “ Pensions ” since the end of the last war, he had not occupied 
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any administrative position When the recent war became inevitable he 
suggested to the Ministry that recruiting boards should be equipped to 
satisfactory hearing tests, and that the Pensions Clinics should be provided 
with Audiometers The latter suggestion was adopted, but the former prov^ti 
to be impossible It was a matter for regret that these Audiometers only 
registered to a frequency of 4,000 Both this and the difficulty of keeping 
these instruments properly calibrated was largely due to war conditions 

As for the extract from the Royal Warrant mentioned by Mr Daggeft 
He had protested against it ever since it had appeared in pnnt He understoi^di 
that a small committee had now been appointed to revise it One obvious 
fault was that the man with normal hearing m one ear, and complete deafness 
in the other, actually got a higher pension than the man who could only he^-^ 
conversational voice with both ears at nine feet The former could hear ei eO' 
word from the Gallery while the latter would have to pay for Orchestra Stales 
and then miss half of it 

He agreed that there was often an apparent contradiction between t'ho 
results of the Audiometer and the speech tests This was partly due to d^s 
tortion, as m nerve deafness and partly to a growing loss of instinctive 
attention, and with this a loss of familiarity with the sounds of speech If 
should not be forgotten that the speech test was on the ability to widersiaf^^ 
speech whereas in the audiometer test it was the recognition of a broken 
silence To a large extent the Pensioners disablement was determined by 
his ability to hear and understand the spoken \oice under ordinary conditioi'^s 

Speakers had referred to the dangers of inexpert treatment of the dischaigi'^H 
ear He mentioned that an army Medical Officer of high rank circulated to 
his medical officers printed instructions to the effect that the only efficient 
treatment in these cases was by the synngc He had reported this to the 
appropnate authorities and hoped that the Officer concerned had heen suitaVty 
dealt with 

As for hearing Aids ” It %vas the practice of the Ministry as far as tfus 
was possible, to deal with firms of whose efficiency they had had 
expenence This was, however sub)ect to any definite predilection expressed 
by the pensioner Efficiency m Hearing Aids was improving extremely 
rapidly, but they had not yet reached the point of being able to presenbe an 
Aid to suit the individual case In practice it came to testing the pensioi'cr 
with different Aids and this was what was done 

Mr Daggett replied that he was not aware of any research with rubber- 
soled boots on the lines suggested by Dr Simson Hall Certaihly none h^d 
been done in the Army 

Air Commodore Dickson also m reply said that he agreed with Dr Sct>ff 
Stevenson that if one was running the centres one should utilize the services 
of one or two of these firms 

His meaning of “ hospitalization ” was residence in a centre where the 
surroundings were cheerful 
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DR. PETER MCBRIDE 

The recent death of Dr. Peter McBride at the'age of 92 has severed the last 
remaining living link with the early days of laryngology in Edinburgh. Born 
in Hamburg, Peter McBride was educated at Clifton College and Edinburgh 
University. After qualifying M.B, in 1876 he served as House Physician in 
the Royal Infirmary and became M.D. in 1881. He was elected a Fellow of 
the Royal College of Physicians in 1880. Unlike otology, which was a surgical 
speciality from the first, laryngology was a child of medicine and the 
lar3mgologist was a physician. 

McBride amplified his studies in Vienna, then the medical post-graduate 
teaching centre of the world and on his return to Edinburgh he was appointed 
Surgeon to the Eye, Ear and Throat Infirmary in Cambridge Street and 
Lecturer on Diseases of the Ear, Nose and Throat in the extramural school 
of the Royal Colleges. Otology and laryngology were studied and practised 
as separate subjects in London, Glasgow and elsewhere, but in Edinburgh they 
were united from the first. 

In 1883 a department consisting of one small room in which patients 
were seen twice a week was allotted to the speciality in the Royal Infirmary, 
and in 1897 '•^he University established a lectureship on diseases of the Ear, 
Nose and Throat. Dr. McBride was the first to hold each of those appoint- 
ments, and it was largely owing to his hard work and initiative that a fully 
equipped department was established before his retirement in 1903. His 
writing was clear and concise and it is not surprising that his text book. 
Diseases of the Throat, Nose and Ear, originally published in 1891 retained its 
popularity through three editions. In the preface to that work, one may 
find a statement which reveals the logical mind of the writer : " All drawings 
of instruments have been omitted . . . They are unnecessary for the simple 
reason that the practitioner must possess the means of operating before he 
proceeds to operate ”. 

Dr. McBride’s ability won for him many honours ; in 1883 he became a 
Fellow of the Royal Society of Edinburgh, he was President of the 
Laryngological Society of London, of the Otological Section of the Royal 
Society of Medicine, and of the Section of Otology and Laryngology at the 
British Medical Association Meetings ; he was also elected an Honorary 
Member of the Scottish Otological and Laryngological Society. In 1913 
he delivered the Semon lecture at the University of London. On retiring 
from practice in 1910 he went to live in Yorkshire, at first at Harrogate and 
latterly at York. There, so long as health and energj' permitted, he indulged 
his favourite sport of hunting. Throughout his life he took a keen interest 
in all sports and games. His years of retirement were also employed in 
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writing interesting contributions to philosophy and psychology. Perhaps the' 
most popular of those works are his essay entitled Psycho-analysis Analysed 
{1924) and his later Philosophy of Sport (1932). 

Peter McBride was a charming companion and it was a great pleasure for 
old friends to renew acquaintance with him during his frequent visits to 
Edinburgh after his retirement. It was characteristic of him that during the 
war of 1914-1918 he returned to voluntary work as laryngologist at the 2nd 
Scottish General Hospital under Dr. Logan Turner who had formerly been his 
assistant. Endowed with a rich fund of humour, he was an excellent raconteur. 
At the close of his long and useful life we honour the memory of this doughty 
pioneer of laryngology. 

D.G. 
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THE NATURE OF THE VESTIBULAR STIMULUS 

L B W JONGKEES and J J GROEN (Utrechtl* 

Up to the present otologists were accustomed to divide the stimuli, 
which act upon the vestibular organ, into dynamic and static ones 
Besides these, reactions caused by the centnfugal force are known 
Thus we have 

(1) dynamic stimuli 

{«) angular accelerations 

(6) linear accelerations in progressive movements 

(2) static stimuli the action of gravity 

(3) stimuli caused by the centrifugal force (Huizinga') 

The reflexes on dynamic stimulation are thought to be caused by 
movement, the static (tonic) reflexes by a change in the position of 
the head relative to the direction of the force of gravity 

“ The latter are reflexes (Magnus and de Kleyn'), which last as long 
as a certain position of the head is maintained The dynamic reflexes 
do not depend on position and are found solely when the head resp 
the labynnths are moved , they are always of short duration in com- 
panson with the static reflexes ” 

Most investigations on this subject, especially those of expen- 
mental physiologists, are based on this difference and the open question 
about the function of the otoUths (especially the saccule) gives nse every 
time to the distinction between static and dynamic reflexes 

For instance Werner* states that the movement reflexes may be 
attributed to a function of the saccule, but all static reflexes should 
certamly be localized m the utncle 

The expenments with destruction of the saccule or with the throwing 

* From the Ear Nose and Throat department oi the University Clmic Utrecht 
Director Prof A A J van Egmond 
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off of the otoliths by the centrifugal force led to the discovery 
of differences between dynamic and static reactions, though the con- 
clusions from the results of these investigations were contradictory. 

Many experimenters observed the disappearance of the static 
reflexes after the throwing off of the otoliths, whereas the movement 
reflexes persist. 

On the other hand de Kleyn and Versteegh'* were still able to produce 
static reflexes as well as dynamic ones after total removal of the otolith 
membranes. However, they localize the origin of the dynamic reflexes 
in the canal system. Huizinga* observed the disappearance of the 
compensatory e37e-positions (a static reflex) after destruction of the 
saccule in pigeons, but Hasagawa^ noticed the absence of movement 
reflexes in the dorso-ventral direction after the removing of the saccule of 
frogs. But there are other authors who do not accept such a strict 
differentiation between dynamic and static reflexes. Every variation 
in a static reflex may be understood as a dynamic action, according to 
Huizinga®. 

Wojatschek^ remarks that in alterations of the position of the head 
the action of gravity is measured. But nowhere in literature could 
Ave find any explicit statement regarding the essence of the question, 
namely that no J'undamenial difference between dynamic and static stimuli 
exists. 

This so-called difference is only apparent and does not exist from a 
mechanical standpoint. 

Let a well-known example of Einstein make this clear. Suppose 
a person finds himself in a cage somewhere in our universe, beyond 
the gravitational range of influence of any celestial body. The cage 
is supposed to possess no acceleration relative to the average stellar 
matter. Then for him no gravity rvill exist. In this cage everything 
will float, the otoliths will not exert any pressure on the maculae. Now 
suppose Ave give to this cage an acceleration of i,ooo cm./sec*. 
From this moment in a mechanical Avay everything is for the inhabitant 
of the cage as if he Avere back on earth. The objects will fall, the test 
person aauII stay on the floor (that is that wall of the cage Avhich lies at the 
side from Avhich the acceleration is pointed within the cage) and the 
otoliths Avill again press on their bottom layer. In this Avay Einstein 
elucidates the meaning of his statement, that a body in the field of gravity 
of the earth finds itself in a field of acceleration of i,ooo cm./sec*. It is 
absolute^ the same for this body from a mechanical point of view to be 
either in the field of gravity of the earth or to be moved outside this field 
Avith a linear acceleration of the magnitude of the acceleration of gravity. 
The centrifugal force has just the same character. The action of an 
accelerated movement in Avhich the acceleration is as great as the accelera- 
tion of the centrifugal force is mechanically identical Avith the action of 
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this force It must be kept in mind however that the direction of the 
replacing gravitation or centnfugal force is just opposite to the direction 
of the replaced acceleration Already Newton in his law of inertia 
expressed the same idea about the relationship of force and acceleration 

No measuring instrument, however fine, can distinguish between 
a field of gravitation (i e a field of forces caused by gravity) or a field 
of forces caused by centnfugal force and a field of forces (of inertia) 
caused by an accelerated movement of the same magnitude and opposite 
direction This is not a result of the practical inadequacy of the instru- 
ments, but of the essential identity of all three In the same way it 
must be impossible for the measuring device in the human body where- 
ever this organ may be located, to distinguish between the action of 
gravity, of the centnfugal force, or of the force of inertia caused by a 
linear accelerated movement Solely a distinction in a quantitative 
sense is possible, i e , duration, magnitude and direction of the acting force 
Because it is necessary to know the magnitude of the mass to be able to 
calculate the magnitude of a force, m quantitative expenments on 
livmg beings the use of accelerations is preferable The magnitude of 
the mass of the parts of the labynnth is not exactly known 

In all those cases the stimulus for the sense organ is the linear 
acceleration It is absolutely groundless and confusing to distmguish 
between different forms m which the linear acceleration shows itself 

A real mistake is made when one distinguishes between static and 
dynamic stimuli in the sense that the two could be perceived by different 
organs as qualitatively different mfiuences At most a quantitative 
difference is to be observed Always the field of gravitation is present 
and exerts its influence on all bemgs human and animal This is exactly 
one of the difficulties in the research of the influence of Imear accelerations 
on the sense of equilibrium 

It IS impossible for that reason to examme this organ in the absence 
of the adequate stimulus, i e , the acceleration of the force of gravitation 
Such an experiment would be possible only during the free fall This 
explains why the so called static reflexes continue as long as the position 
of the head remams unaltered In this case the field of acceleration does 
not change, therefore the stimulus remams the same both in magnitude 
and direction 

Those mechanical considerations force us to make the division of the 
labynnth reflexes m another way than was usually done up till now 
We may divide them as follows 

(1) Reflexes and sensations caused by rotational accelerations 

(2) Reflexes and sensations caused by linear accelerations (in 
gra\uty, centnfugal force, and linear accelerated mo\ ements) 

All reflexes and sensations in one group must be perceived by the 
same sense organ or eventuallj the same sense organs 
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Through which organ is the stimulus perceived? 

Is it possible that the same organ perceives both the linear and the 
rotational acceleration ? 

For a long time the physiological stimulus for the semicircular 
canals was known to be the rotational acceleration (Mach®, van Rossum’). 
The calculations of Gaede^° and Schmalz” and the experiments of 
Steinhausen^' have proved this beyond doubt. Nevertheless this truth 
is not yet quite appreciated by every investigator. Many of them still 
mention angular velocity instead of angular acceleration in their publica- 
tions. Even in 1932, Dorcus'^ still takes the trouble to show that 
rotating at a constant angular velocity even for weeks has no influence at 
all on his test animals. 

The question through which organ linear accelerations are perceived 
is not solved so uniformly. 

On one side the otoliths or the utricule alone are held responsible 
(Werner^), but other investigators think the semicircular canals the 
perceiving organs for linear accelerations. 

Ter Braak''* opines that linear accelerations may be perceived 
by a displacement of the cupula in the semicircular canals as a result 
of differences in specific gravity of cupula and endolymph. Others 
think that a displacement of the membranous labyrinth in its bony 
cover (Lorente de N6'^) or a current of the endolymph in the direction 
of the endolymphatic duct (Magnus and de Kleyn’®) might possibly give 
a stimulation of the vestibular organ by linear accelerations. 

So theoretically it is thought possible that both angular and linear 
accelerations are perceived by one and the same organ. 

However, it can be proved that this is not the case and so the 
above-mentioned theories cannot be true. If we try to realize how 
an organ must be built in order to perceive both linear and angular 
accelerations we find that it must satisfy the following requirements : 

■(i) There must be two of these organs ; 

(2) both of them must be divided in a positive and a negative part 
(fig.i) (not anatomically but functionally). 

If a linear acceleration acts (Fig. ia), both similar parts of the 
organs will be stimulated. By an angular acceleration with centre 
D. the dissimilar parts of the organs will be stimulated. This combina- 
tion of stimuli will be experienced as a rotation in the latter case and as a 
change in position in the former case. All this is perfectly within the 
range of possibility. The brain has to solve more difficult puzzles than 
the disentanglement of these two kinds of stimulation. 

But if one of those organs is lost (f.i. by a labyrinthitis) it should be 
impossible to distinguish between linear and angular accelerations. 
This turns out to be not the case, as we could prove repeatedly. 

532 



The Nature of the Vestibular Stimulus 

But there is still another proof that it is impossible (or one sense 
organ to perceive both kinds of stimuli This proof is found in the 
physical properties of such an organ, in fact the indication time Every 
measunng device, in case the organ o, and o,, must be built in the 
follow mg way to be able to perceive acceleration (K=ma) 

A mass is elastically connected to the accelerated system One 
of the physical properties of measunng devices of this kind is the indica- 
tion time, that is the penod of time in which the maximal effect (i e the 
sensation) is reached, if the system is exposed to a constant stimulus , 
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Fig I 

Fig I indicates the action of a linear (ia) and an angular (is) acceleration on a hypothetical 
' ' ’ * ’ ' acceleration both 

(black) 

or the time the system needs to return to the zero point from a stimulated 
position, if the stimulation is suddenly stopped* 

If one organ perceives both linear and angular accelerations, the 
indication time must be the same m both instances As a matter of 
fact this IS not true A test person who is subjected to an angular 
acceleration on a rotating chair has the maximal sensation of rotation 
not until after many seconds (c f Steinhausen' ) In ten cases with our 
test persons we lound an average of 43 sec varying from 27 sec to 69 sec 
Until that time the person sensed an increasing rotation, after that the 
sensation remained constant in intensity For different accelerations 
(0 5* - 2°/sec ’) this time is very constant for each test person Probably 
this indication time is somewhat on the low side because in our rotating 
chair the acceleration decreases a little at a high angular velocity On 
the other hand the indication time for linear accelerations is of the order 
of magnitude of 0 1 to 0 05 seconds (von Bek^sy*’ ) W'e could our- 
selves corroborate this magnitude in experiments \\ ith the parallel swing 
m many test subjects 

There is, moreover, a striking difference in the duration of the after- 
sensations as a result of either linear or angular accelerations 

The sudden stopping of a rotating chair gi\ es nse to after sensations 
of a duration of 30-60 seconds, the sudden stopping of a linear movement 
gives nse to a very short sensation of change in position These two 
values he very far apart by a factor 300 or even more 

* One should not confound the indication time and the reaction time of the organ , 
the latter ina> be short even if the former is long as is the case here 

S33 



L. B. W. Jongkees and J. J. Groen 

Even physiologically this gap cannot be bridged. This is the proof 
that at least two different organs are necessary to explain the phenomena 
known up till now. 

On account of A : the persistence of the powder of discrimination 
between linear and angular accelerations, also after destruction of one 
lab5Tinth, and on account of. B ; the difference in indication time for the 
two kinds of acceleration, we are obliged to reject the view's of ter Braak, 
Magnus and de Kleyn and Lorente de No. 

Thus on the ground of theoretical considerations, we conclude, 
that only tw'o different kinds of stimuli are acting on the vestibular organ : 
i.e., linear acceleration and angular acceleration. The next conclusion 
is that these two different stimuli are necessarily perceived by tw'O 
different organs. 

It is stiU our task to demonstrate that indeed the various forms in 
which the linear accelerations are offered to us have the same effect on 
sensations and reflexes of the animal or human being under observation. 


Experiments with linear accelerations 

We w'ill now investigate what phenomena (sensations and reflexes) 
are produced in man or animal through the action of linear acceleration. 
We know' the compensatory eye-positions, the labyrinthine righting 
reflexes, reflexes on muscular tonus, phenomena of the vertical motion, 
reactions on linear accelerated movements (lift-reaction, " Sprungbereit- 
schaft ”, the spreading reaction, neurovegetative reactions and sensations. 
A survey is given by Tenaglia'®) . 

About the sensations, only a few communications are published. 
Fischer’® and his school and some others noticed that their test persons 
had a sensation of inclining backwards w'hen they were rotated mth 
constant angular velocity, ow'ing to the action of the centrifugal force. 
Wojatschek^ has made circumstantial investigations on the parallel 
swing and could give his test persons a feeling of seasickness in that way. 
M^e examined our test persons in experiments on the parallel swing and on 
the rotating chair at constant angular velocity. 

The accelerations which are created on the parallel swing are best 
produced in a diagram (Fig. 2). The vertical linear accelerations w'hich 
accompan}' the horizontal accelerations are so small in comparison 
to the latter that they w'ere neglected for simplicity. This is permissible 
because they stay below' the level of minimal perceptibility, and therefore 
will not influence the course of events. 

In swinging, the linear acceleration on the body has .the character 
of a sine. In the zero-position the velocit}' is maximal, the acceleration 
is zero. In the extreme positions the velocity is zero, the acceleration or 
deceleration is maximal. A person on this swing observ'ing his sensations, 
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feels an unsteady backward and forward movement, but besides this a 
definite sensation of alteration in his position 

If the swing, with a test person lying on it, is moved in the direction 
of the test person’s head, he has the impression that his head is lowered 
and his feet are nsing If he is moved m the direction of his feet the 
sensation is just the reverse In all other positions of the bodj similar 
phenomena v ere observed (Fig 2) The explanation of these sensations 



position of the test person 

(>n) fnoie>ve»t (v) tehctiy (o) accettraUon 

(j) sensation 

IS easily given from an analysis of the mechanical forces acting on the 
otolith apparatus 

Let us consider for example a test person who is moving m a direction 
from his feet towards his head, and let an acceleration act on his body 
in the direction of his feet, then a force of inertia k, (Fig 3A) acts on the 
otolith in the direction of the crown of liis head During the same time 
a force k. m the field of gravity on earth is acting permanently on the 
otolith By the co operation ol these forces the otolith organ will be 
subjected to a force kj (Fig 3B), rvhich is oblique in comparison with the 
direction of the force of gravity (kj In tins way the brain gets from the 
penpheral organ the information that a force is acting on the otolith m 
the direction of k. 

Because the direction of the actmg force appears to determine the 
apparent position of the body, the direction of kj will indicate the 
apparent \ertica! plane In this way the body seems to change its 
position and to mclme backw ard (Fig 3c) 
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Not merely when the direction of the acceleration lies in the longi- 
tudinal axis of the body, but also when the test person is placed on tlie 
swing in a transverse direction, the acceleration acting from one side to 
the other, a similar effect is caused. The test person, besides observing to- 
and-fro movements, perceives the alternate rising and lowering of the 
right and left side. The explanation of this phenomenon may be given 
in exactly the same way as for the accelerations in the longitudinal axis. 




force of inertia 

acceleration 



real position 



Scheme of the forces acting on an otolith organ in the cause of a combination (resultant 
force ka) of gravity (kj) and centrifugal force (ki). 

(а) acceleration and force of inertia acting on the test person. 

(б) composition of forces. 

(e) effect on the position sense. 


If we now let the swing with the test person on it slowly terminate 
its swinging movement, this person at a certain moment will not any 
longer feel to and fro movements, nor changes in position of his body 
but a vague rhythm vdthout a perceptible direction till finally this too 
vill stop. 

This is the moment at which the minimum of perceptibility for linear 
accelerations is reached. We tried to measure this minimum perceptible 
acceleration for different positions of the head and body of our test persons. 
The swing in use had a swinging length of 162 cm. and a swinging time of 
2 • 5 seconds. With the person on his back the minimal deviation of the 
swing had to be from i to 2 cm. to give rise to a sensation. This corres- 
ponds to linear accelerations of 6 to 13 cm./sec.“ at the maximum the linear 
acceleration acting in the direction from feet to head and vice versa. We 
examined the test persons on the swing with their heads in different 
positions with regard to the body. They were also examined while 
the acceleration was acting from one side to the other. 

In the first case we obtained numerical values, having their minimum 
if the otolith of the utricule was acted upon perpendicularly, in the latter 
case if the saccular otolith was subjected to a perpendicular acceleration. 

Other variations in the position of the head were also tried f.i. in the 
case of a longitudinally acting acceleration the change in the position of 
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the head obtained by turning the head round the same axis or by bendmg 
bt^ivards one shoulder These variations had no noticeable influence 
on ttmsminimal perceptibility 

It would be premature to draw conclusions about the function 
of the otoliths from these data As a matter of fact there is still another 
factor of importance mvolved here, namely the action of sensibility 
(skin — and deeper sensibility) For we noticed that quite different 
values for the threshold of perceiving linear accelerations were found, if a 
man sitting upnght leans on his hands or on his elbows or doesn’t lean at 
all on his fore hmbs We sometimes observed values varymg more than 
50 per cent Besides it made a great difference what kind of under- 
layer we used on the swing to put our test persons on , on the wooden 
swing itself or on an air cushion or on a soft mattress In the latter case 
the obtained threshold values were much higher (f i on the wooden 
swing 6 cm /square sec , on a mattress 9 cm /square sec ) It must be 
kept m mind that those soft underlayers may reduce the effective move- 
ments and thus the accelerations 

These data induced us to look for another method of investigation 
to obtain quantitative data about the function of the otoUths, because 
we know nothing about the extent of the influence of these tactile stimuli 
On the other hand it led us to surmise that those tactile stimuli are the 
cause of the perception of linear displacement and that the perception 
of a variation in position must take place in the otolithic system Also 
the fact, that a sensation of linear movement stops in the extreme position 
of the swing, speaks against a perceiving of this sensation by the otoliths, 
which perceive accelerations In these extreme positions the accelera- 
tion IS at its maximum, but the sensation zero 

Moreover the capability to sense linear movements or displacements 
IS very poorly developed 

If in a dark room a test person lies on a nding stretcher with a soft 
underlayer and is moved back and forward, then after some of these 
movements it is impossible for him to tell the exact direction in which he is 
moved On the other hand, as soon as the acting acceleration is great 
enough, a vanation in the position of the body is observed It is necessary 
to exclude as much as possible every other source of orientation (light, 
sound, currents of air) 

Because the tactile variations interfered with our experiments in the 
above mentioned way we had recourse to a constant linear acceleration as 
IS expenenced on a rotating chair at constant velocity 

The sensation of leanmg of the body axis is produced hereby and can 
be quantitatively measured, which is of the utmost importance On the 
electrically moved rotating chair we gave our test-persons a definite 
angular velocity in different positions of the body Then we told them to 
observe exactly how far they seemed to slant over Immediately after 
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that the}' were placed in -a position chair, after Grahe, improved by 
Quix*’ . The position of this chair was brought in accordance to the felt 
inclination, as stated by the patient. We did not ask the test persons to 
estimate the angle in degrees, because most people are unable to make a 
good estimation of the number of degrees of an angle, and in the second 
place, the position is not correctly estimated at an angle. Only corres- 
ponding angles may be compared with each other, in this case the inclina- 
tion of the position chair (indicated on a scale) with the subjective 
inclination on the rotating chair. 

The results of our experiments is, that the estimated inclination 
corresponds exactly with the angle, which the resultant of the centrifugal 
force and the force of gravitation makes with the latter. This angle a 
can be calculated from the magnitude of the acceleration of gravitation 

k' 

and the acceleration of the centrifugal force i.e., tga= — (Fig. gn). Some 

k, 

experiments may serve as an example. 

Test parson J. lies ivith his head (the labyrinth) at a distance of 
115 cm. from the axis.of rotation. If the time of revolution T ==io seconds, 
the faintest sensation of leaning backward is perceived. At T=8-2 
seconds the angle seems to be 10°, at T==6 seconds, 30°, and at T=3*5 
seconds, 45°. If we check those subjective angles on our position chair, 
the same sensation of leaning backward is obtained by turning this 
chair backwards 5°, 10° and 20° resp. 

In a scheme the results are shown : 
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1-05 

127 

30° 
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3-5 

1-79 

368 

45° 
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Hence it is evident that the sensation of leaning backward corres- 
ponds accurately to the inclination of the resultant of centrifugal force 
and force of gravitation (column V and VII). It is the same in other 
cases of which an example is given in the next protocol, the centrifugal 
■force acting from ear to ear. 

Test person G. sits upright with his right ear towards the rotation 
axis, at a distance of 60 cm. from it. 
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We find the same sinking conforaiity again between the calculated and 
the estimated values In other positions of the body, lying face doira- 
wards, sittmg upnght, and so on, comparable results were obtamed 
But there is one position of the body, in which this conformity is not found 
This IS the position in which the resultant of centnfugal force and fc>rce of 
gravity acts in the direction of the so called blind spot of the otolithic 
organs (Quix) An example may illustrate this 

Test person G lies on his back with his head turned 60° further 
backwards, at a distance of 130 cm from the axis of rotation The 
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angle of inclination in this case is greatly underestimated Perhaps 
the explanation here has to be as follows The skin and deeper sensibility 
are stimulated too by the acting linear accelerations and give an impression 
of a vanation in position though this impression is far from being clear 
On the position-chair, gravity acts on all the parts of the body and the 
result IS a sensation from the otoliths, the skin — and deeper sensitive 
organs All these stimuli act together and cause a clear sensation of the 
position of the body in space On our rotating disc the action of the result- 
ant force on the different parts of the body is different m magnitude and 
direction The axis of rotation in a lying test person is through his croup 
Thus the stimulus on his feet f i is directed just in the opposite direction 
as on the head At his loins only gravity is acting When the otoliths 
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HEADACHE AND SINUS DISEASE 

AN HISTORICAL SURVEY 

By DEREK BROWN KELLY (Glasgow) 

Among the common disorders, there are few more universal or distracting" 
than headache. The sufferer, however, frequently gets little sympathy. 
How often is the remark heard, “ Oh, it is just one of his headaches ” ; 
the possessive implying familiarity with its usual accompaniment — 
^ contempt. In spite of this, it must be realized that repeated, intractable 
head pains borne over a period of years, can affect the whole personality 
of the individual, or even his career, to say nothing of the effect on his 
family and friends. 

Unfortunately there is still a tendency to treat the condition as a 
disease per se. The afflicted layman is encouraged in this "view by 
innumerable advertisements, enticing him to purchase sundry proprietary 
" head powders ”, warranted to relieve his pain, in not more than thirty 
seconds. 

Some years ago there was, perhaps, an excuse for treating headaches 
empiricaU}^ With the present progress in our knowledge of anatomy 
and rhinology, however, many hitherto obscure forms of headache have 
been traced to their source in the nasal sinuses or ganglia. 

Historical Introduction 

That the ancient medical writers were well acquainted with the 
complaint of headache, is shown by the following facts from the history 
of medicine. 

Hippocrates (460 to 377 B.c.) recognized the association between the 
high-arched palate of nasal obstruction, discharging ears and headache, 
but did not attempt any classification of types or causes of head pains 
(Delpeuch, 1898). It was not until the first century a.d. that Aretaeus 
of Cappadocia (a.d. 30 to 90), and later Galen (a.d. 131 to 201), advanced 
their theories on the subject, and produced a classification based on the 
Hippocratic humoral doctrine of pathology. 

This maintained that the body was composed of four cardinal 
Humours, namely Blood, Phlegm, YeUow and Black Bile : and also four 
elementary quahties — Hot, Cold, Moist and Dry. The proper distribu- 
tion and admixture of the former was the source of health. Any depar- 
ture from this condition resulted in disease, the nature of which was 
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determined by the Humour in excess, or its accumulation m any particular 
locality The qualities, if in harmony produced a healthy temperament, 
while excess or defect of one or more gave nse to a " distemper " (Singer, 
1928) Probably the best known example of this ancient doctrine is the 
association of headache with an excess of bile 

The terms " bilious attack ” or “ bilious headache " are m common 
use even to-day, and are accepted by the layman as a satisfactory label 
for many complaints That the ongin of such terms dates back to ancient 
times could not be shown better than by quoting Galen's own words , 
" How constantly do we see the head attacked with pam when yellow 
bile IS contained m the stomach , as also the pain forthwith ceasing when 
when the bile has been vomited ’ 

Later Greek writers merely imitated and abstracted Galen’s work, 
and some time elapsed before further investigations m the matter of head- 
ache were made 

Dunng the Middle Ages there was little advancement in the science of 
medicine, and interest in the sub)ect of headache seems to have been lost 
until the Renaissance, since when many monographs have been pubhshed 
and theories put fonvard Interesting historical references relating to this 
penod are given in papers on headache or " megnm ” (under which heading 
many forms of headache were mdiscnminately classified), by such writers 
as Whytt (1768), Ltveing (1873). and Moebius (1894). 

Early conceptions of nasal disorders were fasematmg if erroneous 
Even as late as the seventeenth century, coryza was believed to be a 
flux of serous fluid from the cerebral ventricles, and a cold in the head was 
regarded as a purging of the brain This idea prevailed until Schneider 
gave his account of the anatomy of the nose and desenbed the membrane 
that bears his name (Wittebergae, 1664, De Catarrhis) 

The adjective pituitary, now denoting the membrane lining the nasal 
cavities, means mucous (pituita — slime or mucus) and was applied to the 
hypophysis by mediaeval physicians because they thought that it was 
the source of the yellow discharge from the nose m the later stages of a 
“ cold " (Jamieson, 1938) 

It IS not surpnsing therefore to find in some of these old records notes 
of symptoms which were probably of para nasal sinus ongin, but which 
were not recognized as such Examples of this will be referred to later 
One of the first to appreciate the association between head pains and 
nasal disorders was Jacob Wepfer (quoted by Wells, 1898), who in 1728, 
recorded the fact that nasal obstruction caused violent headaches, 
disturbances of vision, and loss of memory 

In 1768, Robert ^Vhytt wrote about periodical headaches and 
likened this penodicity to that of epilepsy He suggested as a cause the 
gradual accumulation of morbific matter, until a stage is reached w hen it 
IS dislodged by the violence of the resultmg paroxysm This theory was 
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put forward without reference to the rhinological aspect or causes of 
headache, about which little was known at the time. Yet to the rhino- 
logist, the above description suggests at once an infected sinus with inter- 
mittent obstruction of drainage, followed by discharge of accumulated 
contents and relief of pain. 

Dr. Airey, in 1870, recognized that association between asthenopia 
and frontal headache which is now realized as being of frequent occurrence 
in cases of frontal sinus vacuum headache. 

Among the most important works on the subject must be mentioned 
Liveing’s treatise on " Megrim, Sick Headache, and Some Allied Dis- 
orders ”, published in 1873. Still regarded as a classic in this field, the 
book is mainly concerned with migraine and its classification into simple 
hemicrania, sick headache, blind headache, and headache associated with 
a “ wider implication of the sensorium ”, such as the sense of touch. 

Although no reference was made to the connection between headaches 
and the nose, Liveing mentions some significant facts indicating that 
several of his cases were probably of sinus origin. For instance, some 
of his patients had that typical frontal sinus pain which comes on in the 
course of the morning, reaches its maximum intensity at about 2 p.m., 
and then passes off, leaving the evening and night free from pain. 

Changes of temperature and foul air were recognized as factors in the 
production of headache. That they exerted their influence vid the nose 
was, however, not realized. Nothing was known at that time about the 
erectile tissue of the turbinates and how it sometimes failed to respond 
to temperature changes, remaining engorged, and causing obstruction to 
sinus ventilation. This upset of the nervous mechanism of the nose due 
to sudden violent changes in temperature or humidity is now recognized 
as being of common occurrence, especially in America where over-heated 
houses are combined with a low outdoor temperature in winter. 

Similarly, the association of facial congestion with headache was 
noted b}? these old observers. While in some cases the headache might be 
due to raised blood pressure, the fact that the pain could be caused by the 
accompanying nasal engorgement and resulting obstruction was not 
envisaged. 

That old-time remedy for headache, the administration of sternu- 
tatories is often mentioned. Proprietary snuffs are still sold for the treat- 
ment of nasal disorders, and find favour with some practitioners even 
to-day. 

In his publication, Liveing records the observations of Lebert, that 
pain was commonly felt in the territory of the frontal nerve. Headache 
in this region was therefore regarded as a neuralgia, and that it could be 
due to inflammation in the frontal sinus was not considered. 

This ignoring the part played by the sinuses in the production of 
head pains at this period is surprising, for suppuration in these cavities 
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was described long before Livemg wrote his book It is etident that the 
investigation of sinus disease onginated and progressed quite apart from 
that of headache and it w as not until about i8So that they w ere linked 
together as cause and effect It is interesting, therefore to return to the 
sixteenth century and follow the development of knowledge m sinus 
disorders 

The Investigation of Sinus Disease 
In searching the literature it is difhcult to find many references to 
the discovery of the para nasal sinuses Portal u liose ' Histoire de 
I'Anatomie et Chirurgie (1770) is invaluable to the medical historian 
ascribes the first accurate description of these cat ities to Vesalius (1543) 
That the maxillary and frontal sinuses were known prior to this is 
undoubted Leonardo da \ inci (1452 1319) that most versatile and 
remarkable man became engrossed in anatom}' w hieh he first studied to 
improve his art He was the first to portray adequately and truly' the 
skeleton, and among his drawings are some excellent figures showmg a 
skull with antrum and frontal sinuses m section Eten the elusive 
sphenoidal sinus was known as far back as 1516 to Jean de Vigo, surgeon 
to Pope Julius II and the frontal sinuses and ethmoid were described by 
Berenger Carpi (1521) 

The work of Vesahus is certainly important m that tt gives an accur- 
ate and detailed account of the cavities and denies any communication 
between the sphenoidal smus and the cranium — a view common among 
anatomists of the period 

Several important facts regarding the sinuses were brought to light 
in the sixteenth and seventeenth centuries In 1544 Ingrassias believed 
that the smiises of the face serxed m the production of the voice ", 
and Fallopius (1561) showed that some sinuses were not present m 
infants while others were scarcely developed Fallopius also described 
the frontal sinuses that they were two in number vanedmsize and were 
covered with a fine membrane like the other nasal cavities 

One of the early otologists who also studied the nose was Casseriiis, 
(ifioo) a pupil of Fabncius He is best known for his beautifully detailed 
drawings of the ossicles from the ears of man and various animals Hib 
investigations however included the nasal sinuses and he referred to the 
maxillary cavity as antrum genae or antrum of the cheek 

The name of Schneider is eminent in the early annals of rliinology 
Not only did he desenbe the mucous membrane lining the nose (Schneider- 
ian Membrane) but he showed that a similar membrane covered the 
sinuses and that these cavities communicated with the nose (1641) Ife 
demonstrated the fronto nasal duct and presented the cunous theory 
that fractures of the frontal sinus gave rise to difficulty in breathing, 
because ' the air inspired into the nostrils escapes from the opening in the 
smus rather than penetrates to the lungs ’ 
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Although the maxillary sinus is often referred to as the antrum of 
Highmore, it was evidently knovm and described long before that author 
published his famous case at the Hague in 1651, 

This concerned a gentlewoman who, after the extraction of a canine 
tooth, thrust a silver bodkin into the empty socket and " was exceedingly 
frightened to find it pass, as it did, almost to her eyes. And upon further 
trial with a small feather stripped of its plume, was so terrified as to 
consult the Doctor and others about it, imagining nothing less than that 
it had gone to her brain.” The lady was much relieved when it was 
explained to her that the feather had simply doubled up in the antrum. 

Twenty-six years later, Antonio Molinetti published in "i^enice an 
account of a case of chronic suppuration in the antrum. 

In Anthropologia Nova, published by Drake in 1707, Wilham Cowper 
described the para-nasal sinuses. “ The uppermost of these cavities is 
found in the os frontalis, and is taken notice of because it is so frequently 
seen in dhdding the skull to take out the brain.” He recognized the 
great variation in size of the two sides, and that their ducts opened into 
the nose under the superior turbinate (as the middle turbinate was then 
called). 

With regard to the antrum, he writes, " to discover it fairly, divide 
the bone with saw or chizel near the dentes molares of the upper jaw, 
and you’U presently break into this large cavity, the magnitude of which 
will a little surprize one who has not been conversant with these matters 

He points out that the antra have small openings situated high up in 
the cavity, so that “ peccant humours ” could not escape into the nose, 
unless the antrum were full to the top, or the head held on one side. One 
of his case reports concerns a patient with “ cezrena ”, having a discharge 
of stinking pus from the nose. Cure was achieved by removing the first 
molar on the affected side and boring a hole through the socket into the 
antrum. Pus was released, and medicaments daily injected via the 
alveolar opening until they passed out through the nose. 

Another case was that of an elderly gentleman who had a foetid 
discharge from his nose. He attended a dentist who was horrified, when 
on drawing an upper molar, found that the adjacent tooth and a piece of 
alveolus came away. Cowper showed that he was not to blame as the 
bone was rotten. The patient was reheved of his discharge, but shortly 
afterwards suffered from pains in the face and head and finally died in 
commlsions At necropsjq the upper part of the antrum was found to 
be carious, and there was a sinus " through the tract of the foramen 
lacerum, and the opposite part of the os sphenoidales was also perforated 
and the dura laid bare An abscess was present in the fore part of the 
hinder lobe of the brain in which an ounce of foetid matter was found. 

In 1722, Reininger published an article on cezsena and maintained 
that decomposition of mucus within the ethmoidal, sphenoidal and frontal 
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sinuses and the antrum of Highmore, was the underlying cause of this 
condition Gunz also detailed some cases in 1753 m which the odour was 
due to disease of the sinuses opening into the nose 

An interesting case m which an empyema of the antrum resulted m 
canes and loss of the upper ma\illa and teeth was descnbed by Hardiswaj 
in the Philosophical Transactions for 1727 

John Hunter {1835 edition) descnbed the signs and symptoms of antral 
abscess as pam in the cheek and forehead, together with redness spelling 
and hardness of the cheek He advocated two methods of opening the 
affected ca\nty — by perforating the partition bet\\een the antrum and the 
nose, or by drawing the first or second molar, and bormg through the 
socket Under special circumstances “ if the fore part of the bone be 
destroyed an opening ^^as made inside the lip uhere the abscesi. could 
be felt It was recognized that this opening tended to close more readily 
than the other tvo 

Despite the early recognition of chronic antntis, the acute stage of 
the disease was not descnbed until 1751 by Runge Three 5ear& later 
Bordenave (1754) recorded three cases of acute antntis follo\Mng perfor 
ating wounds of the cavity Another early writer on this subject was 
Frank (1745 1821) who drew attention to the involvement of the antrum 
in the common cold 

The nasal sinuses now began to receive mention in the te\t books, 
those of Spencer Watson (1875) and Lenno\ Browne (1878) being specially 
worthy of mention 

Peter (187S) quoted by Jlorell Mackenzie, records a case of acute 
nasal catarrh accompanied by such severe pain in the brow that the 
complaint was regarded as one of acute canes of the frontal bone On 
the application of a poultice to the root of the nose a profuse discharge 
was established which instantly relieved the pain and prov ed the case to 
be one of coryza It is interesting to note that i\Iackenzie makes no 
comment on obstructed drainage from the frontal sinus when reporting 
this case 

There seems indeed, a cunous reluctance to admit that the signs and 
symptoms (including headache) of sinusitis were really due to disease in 
these cavities An elaborate classification of vanous forms of catarrh ’ 
is to be found in the older text books without a mention of the sinuses 
w hich were responsible for the symptoms in many cases 

Rumbold in his book The Hygiene and Treatment of Catarrh (1880) 
observed that patients with chronic catarrh were liable to suffer from 
headache and melancholia and were often unable to think clearlv This 
is one of the fir&t wnters who recognized the association of headache with 
nasal disease 

In 1884 appeared Morell Mackenzie s famous Manual of Diseases of the 
Throat and Yose In it, he referred to pain in the frontal region during an 
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acute catarrh as being indicative of extension to the frontal sinus of the 
inflammatory process. 

One of the most important advances in the study of antral disease 
was made by Ziem. In the Monatsschrift fiir Ohrenhdlkunde (1886), he 
gave an account of his own personal experience of antral suppuration. 
Until then, empyema of the antrum was not recognized unless it presented 
such advanced signs as profuse discharge with infra-orbital pain, swelling 
of the soft parts, exophthalmos, and distension of the bony walls of the 
cavit3^ with final fistula formation. Ziem’s illness started in 1877 when 
he suffered from a imilateral, foetid nasal discharge and impaired general 
health. Despite various intra-nasal applications, internal medication, 
and two years sojourn in Eg5^t, the condition became worse, and the 
foetor so pronounced that he entertained thoughts of giving up his 
practice. Finall}' in 1883 he had his antrum opened by a surgeon who 
was most unwilling to operate because none of the recognized signs of 
empj^ema were present. WTien the cavity was explored, however, much 
pus came away, and eventually he was cured. (Quoted by A. Brown 
Kelty, 1892.) 

It is interesting to note that an authority like Greville Macdonald 
in his text .book on Diseases of the Nose (1890), scarcelj' mentioned the 
frontal sinus. In fact in the chapter on “ Suppuration in the Accessory 
Cavities of the Nose ”, he writes : — “ Empyema of the frontal sinus is so 
rare apart from occlusion of the duct — ^in which case we have external 
evidence of the mischief — that we may safely exclude it from considera- 
tion.” Although he recognized cases of supra-orbital pain which came 
on in the morning and passed off in the evening (now known to be typical 
of fronto-nasal duct obstruction), he considered antral empyema to be 
the sole cause, the frontal sinus receiving no mention. 

At that period rhinologists regarded operations on the frontal sinus 
as being the prerogative of the general surgeon. This attitude had its 
.counteipart in otology, few aurists at that time performing mastoidec- 
tomies, but lea\ang them to their colleagues with general surgical training. 

The subject of sinus disease was finally put on a firm footing by 
Griinwald. His famous text-book Nasal Suppuration appeared in 1896, 
and was translated into several languages. The English edition was 
pubhshed in 1900, and is well worth reading to-day. 

Valuable research devoted to nasal neurology and headache has been 
carried out bj”^ Sluder since 1900. This author investigated affections of 
the nasal gangha and their associated head pains, besides being the first 
to describe the condition known as " vacuum headache ”. 

In 1908, Yankauer described a method for diagnosing headaches of 
nasal origin. He showed that inhalations of steam favoured sinus 
drainage by shrinking the mucosa and stimulating ciliar}' activity. Pain 
which was relieved by stc-^'t'’ * halations was therefore probably due to 
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obstructed sinus % entilation It is interesting to compare this procedure 
ivith the modern use of ephednne in the diagnosis of nasal headache 

It IS impossible m a short paper to enumerate all the famous authors 
who have devoted time and energy to the study of smus disease Caldw ell, 
Luc, Ogston, Killian and Howarth will long be remembered by the 
operative procedures bearing their names, while Watson Williams vill be 
associated with the careful and meticulous diagnostic methods using 
suction, which he devised 

Following the development and establishment of operations on the 
smuses, there came a penod when radical surgery was too frequenth 
employed in the treatment of nasal disease There was a tendency 
to operate without paying due regard to possible underlying systemic 
disorders such as allergy, wnth consequent frequent failures and occasional 
disasters Lately the pendulum has swung back to more conservative 
treatment, which received a great impetus from the work of Proetz (1931) 
whose displacement method of introducing drugs into the sinuses is of 
mestimable value in both diagnosis and therapy The sulphonamides 
and peniallm have also tended towards conservatism m the treatment 
of acute infections, thus obviating the necessity for the heroic radical 
surgery of only a few years ago 

Nerve Paths concerned in Nasal Headache 
The close relationship between the tonus of the nasal vascular 
system and that of the meningeal vessels is demonstrated by Buzoianu 
(1937) He maintains that headache of nasal origin can be due not onty 
to local obstruction or general toxffimia but also to stimulation of the 
tngeminal — sympathetic system which controls the tonus of both the 
nasal vascular apparatus and of the vessels of the endocranial membranes 
Irritation of the nasal muscosa with accompanying congestion is trans- 
mitted via the tngeminal tracts to the meningeal capillaries Relief of 
headache by application of cocaine to the nose is explained by the simul- 
taneous vaso constnction in both nasal and dural capillanes 

Cases suffenng from this ' vago nasal hyper sensitn ity are recog- 
nized by the increased vasculanty of the middle turbinate and structures 
in the middle meatus, the presence of Ewing's tender point in the frontal 
sinus floor, and the disappearance of headache after application of cocaine 
to the middle meatus 

That the dural vessels are sensitive structures has been shown by 
Ray and Wolf (1940) and Penfield and JIcNaughton (1940) According to 
these authors, all headaches are due to disturbances transmitted through 
the sensory cranial nerves At intracranial operations carried out under 
local ansesthesia they found that pressure, distortion and other physical 
stimulation is painful only when apphed to certain restncted areas of 
the brain and its covenngs Among the sensitive structures are the dural 
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vessels, the cerebral arteries at the base of the brain, the venous sinuses 
and the basal portions of the dura. 

The most sensitive areas of the nasal mucosa are in the region of the 
ostia and the approaches thereto (Wolf, 1943). If faradic stimulation to 
the nasal septum produces a pain intensity graded as i, a similar stimula- 
tion of the turbinates is graded as 4 to 6, to the naso-frontal duct as 5 to 7, 
and to the ostium as 6 to 9. The actual lining of the sinuses is not so 
sensitive, being graded as i to 2. 

Experimentally induced pain is referred to regions of the head 
supplied by the Second, and to a less extent the first divisions of the fifth 
cranial nerve. Irritation of several sites in the nose produces pain in the 
same region of the head and face. Thus stimulation of the septum results 
in pain referred to the same area as does stimulation of the ostium and the 
lateral wall of the antrum. 


Summary 

A short historical review is given of work done in the investigation of 
headache, from the early theories of Galen to those of the present daJ^ 
This is followed by a similar survey of sinus disease. The fact that 
headache could be a symptom of sinusitis was not recognized until about 
1880, although suppuration in the sinuses was described as far back as 
1651. 
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A BRANCHIAL CLEFT APPEARING AS A POST-TONSILLAR ABSCESS 
By W. STIRK ADAMS (Birmingham) 

My colleague Mr. Hugh Donovan asked me to see the patient, a gardener, aged 
52, who had been in good health until three years ago, apart from symptoms of 
indigestion, thought to be due to a peptic ulcer. 

At that time without associated symptoms or illness he noticed a foul taste 
in his throat, which appeared when he stooped to lift. This has continued but 
attracted little attention. In the past two years, he lost some two stone in 
weight and six months ago developed a smooth rounded swelling in the left side 
of his lower neck, which was regarded as a thyroid enlargement, and was 
associated with general symptoms of secondary thyrotoxicosis. 

Examination showed him to be an alert, intelligent, well-built man. No 
abnormality was observed in his nasal passages, nor on transillumination 
of his accessory nasal sinuses. His remaining teeth were in good condition. 
His mouth and tongue were normal, but on pressure with the mirror on the left 
anterior pillar of his fauces, a large quantity of foul green sero-pus exuded from 
a pinhole aperture in the posterior pillar of the fauces about half an inch below 
the upper pole of the tonsil. His larynx was normal on inspection and his 
voice unchanged. Pressure on the swelling in the left side of his neck failed to 
produce any exudate from the aperture. 

X-ray examination of his neck showed no evidence of foreign body, 
though swelling of the tissues between his trachea and his cerrdcal spine was 
well defined, and this space appeared trvice the usual \vidth. 

The most likely diagnosis appeared to be a persistent discharge from a 
chronic peritonsillar abscess. 

At operation on November 26th, ig46, a blunt bistoury was inserted into the 
pinhole in the pillar dividing it for one inch downwards. The tissues were 
not indurated. His left tonsil was then removed by dissection without opening 
the abscess cavity which was then seen to occupy the posterior half of the 
tonsil bed and appeared as a cushion like a “ half-filled rubber water bottle ” 
without induration, in size about i in. by li- in., in this region. It was grasped 
with Luc’s forceps and incised. Its interior wall was smooth, without granula- 
tions or inflammatory reaction. The capsule was readily detached from the 
surrounding tissue and was foimd to be the upper expanded end of a tube, 
through which the end of a No. 4 rubber catheter was passed to a level about 
half an inch above the cornu of the hyoid. The tube lay free on the superior 
constrictor muscle. 

These findings suggested that the condition was the upper end of a branchial 
cleft, which had been regarded as a possibility prior to operation. The tube 
was dmded at the lowest part of the open tonsillar bed, after a ligature had 
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been placed around it. The opposite tonsil and the adenoid was then dealt 
with. 

His post-operative recover^’ was uneventful, and the sivelling in the left 
thyroid region receded in size so rapidly that a fortnight after operation, it was 
scarcely palpable. In view of this the operation to expose the descending 
part of the track from the hyoid region do^vnsvards, wns thought to be un- 
necessary, and the patient returned home well. 

Microscopy of the capsule revealed an epithelial lining of the cyst, consis- 
tent \vith It being a branchial C3’3t. 

Commentary 

This case is placed on record because it appears to ans^ver the question where 
the opening of the upper end of this branchial cleft can be expected. Text- 
books and clinical expenence describe the track of a third and fourth branchial 
deft as passing between the internal and- external carotid arteiy', and ending 
on the deep aspect of the tonsil Unfortunately the decision not to proceed 
with the exposure of the track in the neck raises an element of doubt w'hether 
the cyst removed was in fact the expanded upper end of the branchial cleft, but 
no other explanation seems possible If it is accepted as a branchial cleft, its 
opening in the posterior pillar of the fauces and its complete freedom of attach- 
ment to any part of the tonsil capsule, suggests that a hypothesis preriously 
favoured by the reporter, that the palatine tonsil is the lymphatic guard of the 
pnimtive opening of this branchial cleft must remain doubtful 
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ROYAL SOCIETY OF MEDICINE— SECTION OF LARYNGOLOGY 
WITH SECTION OF OTOLOGY 

Combined Summer Meeting heed in London 

June 14th, 1946 

LARYNGOLOGICAL SESSION 

Chairman — G. Ewart Martin, F.R.C.S.Ed. 

(President of the Section of Laryngology) 

The Application of Electromyography to Afiections of the Facial 
and the Intrinsic Laryngeal Muscles 

By B. FEINSTEIN 

Electromyography is a delicate guage of the damage to the lower motor 
neuron and it has proved of value for the accurate assessment of peripheral 
nerve injuries and the early stages of diseases affecting the lower motor neuron. 
Among other pathological conditions, it has been an aid in the diagnosis and 
prognosis of facial and laryngeal muscle affections (Weddell, Feinstein and 
Pattle, 1944). iluscles which perform finely graded movements such as those 
of the face and larynx have motor units composed of fewer muscle fibres than 
those muscles, such as of the limb, which are only capable of much coarser 
movements. The action potentials are similarly less in duration (2 to 5 
milliseconds) and smaller in amplitude (50 to 500 microvolts). 

Facial paralysis. Electromyographic examinations have been carried out 
in more than 150 cases of facial paralysis due to affection of the lower motor 
neuron. The cause of the paralysis, in the majority of the cases, can be divided 
into two clearly defined groups. 

In the first group, the paralysis is due to trauma, either direct or indirect, and 
in the second, the paratysis is due to pressure by inflammatory oedema on the 
nerve trunk in its course through the temporal bone, resulting in an ischaemic 
block. In this group can be included the paralysis found in such conditions 
as Bell’s palsy, herpes zoster and otitis media. 

It has been found that the facial paralysis following a head injury in the 
majority of cases is apparently due to an ischaemic block rather than to an 
interruption of the axons. This would account for the observations of Turner 
(1944) that the prognosis in facial paralysis of this type is good. Twelve cases 
of traumatic facial paralysis were examined electromyographicadly. In four 
of these, there wais no evidence of denervation and each made a complete 
recovery, but, in each of the other cases, there was a varying number of axons 
interrupted. Recovery^ occurred but associated movements were present in 
every instance. 
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The findings ‘suggest that in cases of complete axonal mtemiption following 
direct trauma, where there is no gross displacement of the nerve at least six 
months should elapse before operative procedures such as exploration and 
grafting are to be considered In such cases electromyographic examinations 
are \aluable in detecting minimal degree*? of re innervation before the return 
of functional reco\ery In those ca«ies where the skiagrams demonstrate a 
fracture and displacement of the mastoid tip earlier operation is justified 
In cases of closed head mjunes the prognosis regarding the recoveiy of facial 
paralysis is so good that early decompression of the facial nerve is not w anranted 

It IS not possible by means of electromyographic examination to differentiate 
between an axonal interruption and a revemible isch'emic block for about 
twelve to fourteen dajs following the nene mjuia, as it is not until this time 
that fibrillation commences 

The demonstration of even a single repetitn e motor unit action potential 
IS of great prognostic significance m a case in which clinically the paralysis is 
complete, as it indicates that a few ner\o fibres have escaped damage and 
therefore suggests that the lesion is in continuity 

In the cases of the infecti\e group le Bells palsy herpes zoster and otitis 
media electromyographic examinations confirm the clinical observations, but in 
addition offer a more detailed analysis of the nature of the paralysis This is 
particularly valuable m assessing the prognosis In mild cases of facial paresis, 
there was a reduction of motor unit activity in response to a maximum voluntary 
effort to move the muscles but no other abnormalities Recovery both 
clinically and as showTi by means of electromyographic recordings was complete 
within a few weeks In instances where the facial weakness was more marked 
and associated with a considerable degree of lower motor neuron denervation, 
recovery resulted in marked associated movements This is accounted for by 
the fact that man> of the regenerating axons do not foffow their onguiaf path 
ways and dichotomization of the axon is frequent The work of Howe, Tower 
and Duel (1937) has placed the phenomenon of associated movement followmg 
re innervation on an anatomical basis and the ultimate prognosis regarding the 
dissociated movement of the facial muscles is poor in view of this abnormal 
pattern of innervation It may be possible however in some instance^ to 
improve the degree of recovery Two cases of facial paralysis m which there 
was complete axonal interruption were followed through to functional recovery 
and their treatment carefully controlled They were started on a daily session 
of ‘ galvanism and were also shown how to massage their faces, which they 
did a number of times daily In addition the angle of the mouth was kept 
elevated by means of a facial hook Electromyographic recordings were 
made at weekly intervals and soon after the appearance of the first motor unit 
action potentials slight movement was observed on attempted voluntary 
contraction The galvanism was then stopped and the patient began to 
practise individual facial movements in front of a mirror every day The 
mode of regeneration and basis of associated movements were explained to the 
patients In both instances the patients were co operative and in both cases 
associated movements were less than was usually seen 

Ballance and Duel (1932) have advocated that the facial nerve should be 
decompressed immediately a facial paralysis is seen in order to prevent axonal 
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interruption, but, in view of the work of Denny-Brown and Brenner (i 944 « and 
b), it does not seem likely that many operations could be carried out in time to 
be effective. Furthermore, it is doubtful, from the anatomical point of view, 
whether exposure of the facial nerve from the lateral semicircular canal to the 
stylomastoid foramen and incising its sheath, is an adequate decompression. 
Kettel (1943) analysed a large number of cases of facial paralysis, associated 
with otitis media or mastoid infection, but came to no definite conclusion as to 
the optimum time for operation. He was, however, of the opinion that in cases 
of immediate complete facial paralysis following mastoidectomy or labjuinthec- 
tomy, the facial nerve should be explored within seventy-two hours. In these 
cases, the operation of decompression seems to be of theoretical rather than 
practical value. 

In one case of Bell’s palsy, the paralysis persisted for six weeks but at no time 
was fibrillation, indicative of a lower motor neuron denervation, detected and 
recover}? was complete and movements were normal. This is of interest for it 
suggests that the condition of a reversible ischsemic block may persist for very 
long periods. 

There were three cases of very long-standing paralysis in which there was 
marked contracture. The contracture was confirmed as being due to fibrous 
metaplasia, for there were numerous areas of electrical " silence ” in the facial 
muscles when electrom3?ographic examinations were made. These patients 
had received no physiotherap}?. 

The intrinsic laryngeal miisciilaiure. In order to record the action potentials 
from the intrinsic muscles of the larynx, it was necessary to use a concentric 
needle electrode of sufficient length so that all manipulations could be carried 
out through a larjmgoscope. 

The intrinsic muscles of the lar3'nx have been investigated in a number of 
cases. The motor unit action potentials resemble those obtained from the 
facial musculature. The needle was first inserted into the lateral crico- 
ar3'tenoid muscles and the subject requested to abduct the cords by taking a 
deep breath. There was continuous motor activity as long as the cords were 
abducted. When the cords were adducted, the motor unit activity decreased 
but did not die awa}" complete!}?. Thus the abductor muscles, even when the 
cords are adducted, maintain a certain amount of " tone ”. 

Electrom3?ographic examination has been found to be of value in cases of 
“ idiopathic lar3mgeal pals}? ”. In a few of these cases' normal motor unit 
acthdty was obtained from the muscles which were thought to be affected, and 
the immobility of the cords was shov?n to be due to ankylosis of the arytenoid 
cartilage. A certain degree of recovery in these cases is possible by re-education. 
Vocal cord paralysis as a result of denervation of the intrinsic laryngeal muscles 
was diagnosed by the presence of fibrillation action potentials. In these cases, 
recovery was not so good although it was possible at times to pick up polyphasic 
motor unit action potentials indicative of re-innervation. 
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R G jMacbeth described electromyography of the lamigeal muscles, first 
giving the technique and then proceeding to some illustratne cases The 
patient wss premedicated and prepared uith surface ancTSthesia as for anv 
direct laryngoscopy, and the lartmv was examined by the ordinary’ routine 
Any diagnostic laryngoscope might be employed Usually the cnco- 
arytenoideus lateralis muscle was initially’ explored, on the unaffected side first 
and then on the affected side Then the posticus muscle^ were similarly 
explored The lateralis muscle was reached by inserting the bipolar electrode 
through the aryepiglottic fold lateral to the cord The posticus muscle was 
reached by’ passing the beak of the laryngoscope behind the artenoids to each 
side of the mid-hne in turn and inserting the electrode i to 2 cm below the level 
towards the back of the cncoid cartilage The patient was instructed to phon- 
a.te or breathe deeply as required By this technique doubtful cases of paralysis, 
cnco-arytenoid fixation, and hysterical aphonia might be diagnosed wuth 
reasonable certainty No untoward effects of the examination, except slight 
soreness, had been noted to date 

Mr ^ilacbeth then mentioned three illustrative cases 
(i) A lieutenant in the U S Army Air Corps was hit in the neck byapiece of 
flak This had entered anteriorly on the right side and come to rest m the 
posterior muscles He had become hoarse immediately after being struck, and 
remained so Laryngoscopy showed the right cord immobile in the cadaveric 
position Electromyography one month later revealed complete axonal 
interruption of the recurrent nerx’e on that side 

{2) A sergeant m the same Corps was hit in the neck near the larynx on the 
Tight side bv flak There was a history of considerable swelling in the region of 
the thvToid cartilage, which had subsided, and of hoarseness, which had persisted 
Larymgoscopi two months later showed the nght cord fixed m abduction and 
some thickening of the aryteno-epiglottic fold Electromyography showed 
intact innervation on the affected side Ciico arytenoid ankylosis, already 
suspected clinically, was thus confirmed 

(3) A Guardsman was undergoing preliminary training when he fell upon a 
tree-trunk and badly bruised the nght side of his neck There was considerable 
swelling, which subsided, and hoarseness, which persisted for six months He 
had been discharged from the Army with a diagnosis of recurrent larymgeal 
nerve paralysis, after having been examined by a number of otolaryngologists. 
\Vhen seen in civilian life the right cord was in the cadaveric position and nothing 
else was to be made out clinically X-rays of the laryngeal cartilage showed no 
fracture Electromyography of the laryngeal musculature showed full motor 
activity on the affected side His discharge diagnosis was thus disproved, and 
It became clear that he had a fixation of the cncoid-ar>tenoid joint 
A New (Esopbagoscope 

Martin Henry said that the distaUy illuminated cesophagoscope of the 
tubular tj’pe gave admirable illumination at the position where it was most 
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needed, but it was difficult to manipulate, and being necessarily of the tubular 
pattern the field of view was restricted. The disadvantage of the proximally 
illuminated type of instrument was that, while giving an admirable open field 
at the end of the scope, it had diminished illumination. 

He had designed an cesophagoscope which gave an open field of view at the 
distal end, was easy to manipulate, and afforded adequate illumination. A 
definite improvement in the illuminfition of proximally illuminated instruments 
could be obtained by aligning the lamps, so that they bore directly on the distal 
end of the instrument. Existing instruments carrjdng their lights in long tubes 
were focused on the walls of the main tube, the Olumination finally reaching the 
tip of the cesophagoscope by means of cross reflection, so that a proportion of 
the illuminating power of each bulb was lost. In his instrument the lamp- 
carr3dng tubes, instead of being some inches long, were onty just long enough to 
prevent reflection from the bulb reaching the surgeon’s eye. In this instrument 
the lamp-carrying tubes were inside the cesophagoscope. If the instrument 
was examined without the lamp-carrying saddle in it would be noted that 
whether the observer looked through the lumen of the main tube or dowm either 
of the empty lamp-carrynng tubes a complete view of the field afforded by the 
tip of the instrument was obtained. 

He had had these instruments made in very much larger sizes than usual, 
first because the larger the instrument the easier it was to find the way into the 
cesophagoscope, and secondly because the chief limitation to the size of the 
cesophagoscope was not the size of the oesophagus, which was enormously 
dilatable, but the antero-posterior space between the upper and lower teeth. 
One of these models was built for edentulous adults and in spite of its large size 
would pass freely docvn the oesophagus of any edentulous adult without 
inflicting an}’ trauma. 

These oesophagoscopes were made in the following sizes : 30 cm. for 

children ; 40 and 30 cm., medium adult ; 40 and 30 cm., large adult ; 40 and 
30 cm., edentulous adult. 

June 15th, 1946 

CLINICAL MEETING AT TORBAY HOSPITAL 

Chairman — G. Ewart Martin, F.S.C.S.Ed. 

(President of the Section of Laryngology) 

X-ray Films of Radium Needles hi situ following Fenestration Operation. 

The operation was performed by Mr. Negus and Mr. Bradbeer in 
December, 1941. Dosage 8,640 mgr. hrs. Patient free from recurrence, but 
in September, 1945, had an attack of perichondritis and coughed up a piece of 
cartilage. 

V. E. Negus said that this was an elderly man who was considered unfit for 
an excision operation, with a groudh which extended along one cord. The 
moral of the case was that there was a use for the application of radium to the 
larj’nx. It seemed to him that radium was more logical than radon. Deep 
X-ray treatment for the larynx he thought to have disadvantages, and it was . 
upsetting to the patient. Teleradium with a 5 gramme unit was less so, but 
many patients complained during the treatment and some wanted to stop it. 
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It took four to five weeks, whereas the application of radium needles might be 
-over in about seven days. The preWous week he had seen a patient who had 
had the larynx irradiated by telcradium four years ago and had had a mild 
perichondritis ever since. This did not seem to occur so much with needles. 
The present patient had been perfectly well for some years, and then this attack 
of perichondritis developed four years after the operation. He could not think 
that Hr. Harmer’s recommendation to use Vadium needles should be put aside 
without due thought ; there seemed to be certain conditions in which it might 
be a veiy' suitable form of treatment. 

The Chairman said that he had had two cases in which the condition had 
apparently cleared up, and after eighteen months or two years perichondritis 
had developed on the other side. 

V. E, Kegus said that the dosage might have been a little higher than 
necessary, Harmer now recommended four vertical and two honzontal needles 
— a total of 10 mgr. for seven days. He thought the way to avoid perichon- 
dritis developing on the opposite side was to ensure that the foremost needle 
was not too near to the cut edge of the thiuoid ala. 

J. C. Hogg said that he had assisted Mr. Douglas Harmer in a large number 
of these cases and could vouch that they did extremely well on the average. 
The actual screenage was extremely important, if the development of peri* 
chondritis immediately or subsequently was to be avoided. Mr. Harmer bad 
originally employed 0*5 mm. platinum filter, but he went rapidly to 0'6 and 
now never employed anything less than o*8, and with this he had had far less 
trouble with post-operative sepsis and subsequent perichondritis. In fact, he 
had not had perichondritis due to this operation for some time now. 

On the question of a horizontal or vertical palisade, a team of physicists at 
Mount ^^ernon produced a paper on the physics of the arrangement, showing 
just where the maximum dosage was received. He joined issue slightly with 
Mr. Negus as to the indications for this procedure. By and large, those cases 
which had a growth extending on to the arytenoid were not so favourable from 
the physical aspect. The intensity ivas not retained in that area owing to the 
depth of the growth from the needle, and therefore those cases had not relatively 
as good a prognosis as they would have with laryngectomy. On the other hand, 
it could be said quite definitely that cases which were limited to the middle 
third of the cord or the anterior commissure would obtain cure or relief as 
readily as the cases which had the cord removed, and with much better voices 
aftenvards. There was no doubt that of the two elements, radon or radium, 
radium needles were far better. Mr. Harmer was unable for a short period at the 
beginning of the war to obtain radium needles and had to use radon for a time. 
In his opinion the radium needles were far better. 

E. D. D. Davis said that one of the disadvantages of the use of radium 
implantation was that there was considerable suppuration and a puckered scar 
was left in the neck. For his own part, if he could not have a complete excision 
and if he had to have radium or deep X-rays, he would prefer X-ray therapy. 

The Chairman said that in Edinburgh they had a cancer research depart- 
ment of which the radiologist was in charge. In every case from the pathology 
department which was diagnosed as tumour, a report was sent direct to the 
cancer research department. If the growth was in the centre of the cord, 
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extending slightly below, it was considered very much better to use radium, 
but if further back this was thought to be useless. Teleradium had been almost 
given up in favour of deep X-rays of heavy voltage, nearly up to one million. 
The fenestration operation gave a better voice result than the treatment of the 
cord by deep X-rays. ■ When there was recurrence after the use of deep X-rays 
nothing could be done apart from attempting laryngofissure, but if radium 
needles had been used, deep X-rays could be used later on from the opposite 
side with suitable screening, 

V. E. Negus said that he would not like to give the impression that he 
recommended abandonment of operation. For a limited growth of a low grade 
clear of the vocal process of the arytenoid, larjmgofissure was a suitable treat- 
ment. It was a certain operation ; the voice was not quite as good as after 
irradiation, but there were none of the unpleasant after-effects that might be 
associated with an}^ form of irradiation, and the voice was serviceahle for all 
purposes. It would be a pity if the operation were abandoned. It was 
for the case where laryngectomy would ordinarily be required, that radium must 
be considered. He did not know whether Mr. Hogg was recommending that 
laryngofissure should be abandoned ; many people felt that the case most 
suitable for irradiation was the case also most suitable for operation. If one 
could expect 75 or So per cent, of success with the laryngofissure operation, that 
should be a recommendation. 

J. C. Hogg said that the question whether laryngofissure should be retained 
or abandoned was entirely one for the individual surgeon. Those accustomed to 
use radium could produce results equally good from the mortality point of view 
as those accustomed to do larjmgofissure ; but in the hands of the occasional 
user of radium the results were not so good. 

Xanthoma of Upper Jaw 

Blan, aged 39, ex-R.A.F. Admitted March, 1946, with proptosis and failure 
of vision in right eye. X-raj's showed opacity of right antrum. Exploration 
revealed a large encapsulated tumour expanding the antrum ; this was removed 
Severe hfemorrhage necessitated packing. There was still a fistula on discharge 
from hospital on May ist. ^''ision improved from 6/60 to 6/g, with disappear- 
ance of central scotoma and improvement of field. The fistula has now healed 
and the nose is normal. 

W. H. Bradbeer said that this was one of those cases which looked formid- 
able at first but ended happity. Xanthomata were not uncommon in the skull, 
especially in the petrous bone. Sometimes they were single, but there were 
multiple cases occurring especially in the long bones. In some cases there 
was also proptosis and disturbance of pituitary function, and the condition 
was knowm as the Hand-Schtiller-Christian syndrome. One interesting point 
was that this condition tended to occur in jaundiced patients. This patient 
was suffering on admission from a sharp attack of benign tertian malaria, with 
a marked anaemia (Hb 60 per cent.) so that it was possible he might have some 
haemolytic jaundice in connection rvith his xanthoma. 

Blastomycosis of Nasal Mucosa (showm b3' Dr. Allen at Mr. Bradbeer s 
request). 

Woman, aged 63. Treated since April, 1945, for extensive blastomycotic 
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lesions of skin Great improvement foUowuig X-ra>s, potassium iodide ^nd 
gold treatment Nose shows small perforation of septum and granular con- 
dition of infenor turbinals from which the Blastomyces dermatitidis has, on one 
occasion, been identified 

H W Allen (Exeter) said that this was one of the first cases of the American 
type desenbed in this country The patient was first seen bv him in April, 19^5^ 
complainmg of skin trouble affecting the cheeks and nose for a year There 
were a number of minor complaints — chilblains, etc Two or three jcars 
previously she had laryngitis The present ^km trouble started as a rash under 
the skin, later forming a crust when the crust came off, a red patch was 
exposed and pus could be expressed Microscopic examination of the pus 
showed typical blasfomycetic mycelium and yeast-Jike double-contoured 
cells, which he thought he confirmed by culture [He showed two cultures 
which had been obtained from the case shown and from another case of ulcera- 
tive blastomycosis , the latter had been reported on as a blastomyces, but this 
appeared to him to be questionable , the former was considered to show a 
fairly’ typical colony of Blastomyces dermatitidts with abruptly rising edge ^nd 
eccentric areola ] There was no question of residence abroad in this case, wnd 
the only suggestion that this could be American blastomycosis came from the 
fact that Amencan negro troops had been in the neighbourhood where she bad 
been staying X ray treatment of the face was advused, to which the skin 
responded readily She responded to iodide and salicylates as well In July^ 
1945, the pulse rate was 100 a minute at which it still reraamed , she lost her 
slight pyTexia for a time, but relapses occur The nasal condition was noted m 
October, 1945 , he thought there was a perforation of the septum Gold 
treatment seemed to have improved her, or at any rate to have done her no 
harm An X ray photograph of the chest was also taken, but no complete 
fvjdejore that the disease was ^readii\§' to involve the Juki’s had been nbtam^xj 
The X-ray shows infiltration at left base as a light diffuse shadow Mr Bradbeer 
confirmed that cultures from nasal mucosa and skin were positive 

The Chairaun said that he had seen three cases of blastomycosis of ihe 
chest None of the physicians had heard of it, and m most of the recent bouks 
there was no mention of it If he had seen this case without the history' he 
would have said it was typical of lupus 

E D. D Davis said that he thought this was a case of lupus There was a 
lacrimal sac infection, and there were scars on the tip of the nose and of a 
gland excision in the neck 

Non-mahgnant Stricture of (Esophagus 

Woman aged 29 History of difficulty in swallowing for about three months. 
Was said to have swallowed some potassium permanganate crystals X-ray 
showed obstruction in upper third of oesophagus Wassermann reaction 
negative Qisophagoscopy revealed a stneture which has been dilated three 
tunes with only temporary improvement 

W H Bradbeer showed this case for information 

E Negus said that m the treatment of this case a large cesophagoscope 
was required It was important to see what the surface was like, whether the 
epithelium were denuded or not Generally speaking, the result ought to be 
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good with simple dilatation. There was a great difference in the way it was 
done. If bougies were put through a tight stricture one was likel}'^ to strip the 
epithelium. He used the dilating bag which slipped down a guide, and this 
bag when blown up would dilate to the size of four fingers. Possibly the 
stricture would have to be dilated everj;- six months. In a small boy aged 
years, in whom the X-ra5's were identical with those in the case now shown, and 
in whom there was an under-development of the cesophagus at this point, as 
there was in congenital shortening, with lack of proper covering by epithelium, 
he had tried to improve matters by applying a skin graft, by making a little 
bag in a dumb-bell manner which could be blown up with a graft on it. He 
would have said that in a case like the one shown there was no radical treatment 
possible. Anastomosis would prove to be unsatisfactory. 

Ian Robin asked how tight was the stricture. 

W. H. Bradbeer said that it dilated very easily. He had dilated three 
times in two months and the patient only improved for a short period. 

Ian Robin suggested that the patient might be instructed to pass a mercury 
bougie herself daily. He had a similar case which he had to dilate with olive 
bougies on a string, and then the patient was quite comfortable passing the 
mercury one, at first before every meal and now once a week. 

A. J. Wright said that a good deal depended on the stage of the stricture. 
If there was recent injury of the (Esophagus, provided the patient could be kept 
in a reasonable state of nutrition, the wise thing would be to leave it alone for 
six months or so. Interference in the acute stage of any oesophageal lesion 
tended to make matters worse rather than better. But it was rather difficult 
to say whether this was recent or not. 

The Chairman said that he hoped to show the results in four cases seen in 
children who had traumatic strictures following the swallowing of sulphuric acid 
or something of that kind. The oesophagoscope had been used and a dilator 
passed through to determine the consistency of the stricture and then a gastro- 
stomy had been done. The curious thing was that all these cluldren who 
were able to carr}^ on at school with a gastrostomy tube would have an ounce 
of milk given by the gastrostomy tube in the morning and this set up a reverse 
peristalsis which actually dilated the stricture, so that the}'^ could be given a 
soft meal, almost an orciinar}’ meal, by the mouth in the afternoon. Two of 
these cases were now fit radiologically and accepted an ordinary sized cesophago- 
scope. The other two had so much improved that he thought the gastrostomy 
tube would be removed quite soon. 
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Packing for Nasal Bleeding Karl Musser Houser, MD (Philadelphia) 
Jour A M A , September 2ist, 1946, c\x\ii, 144 
In spontaneous nasal haemorrhage or in se\ere bleeding foUo^s^ng nasal 
surgery the \\Titer uses half inch oxidized cellulose gauze packing It is 
inserted in sufficient quantit> and with sufficient pressure to control the 
bleeding but remo\aI is unnecessary In about 48 hours it becomes a jelly- 
like mass and comes awa\ without instrumentation It does not become foul 
smelling like ordinary gauze packing It mav be used with a post nasal pack 

Avgls a Campbell 


EAR 

Penicillin tn Infectious unolving the Central Nenons System and Skull 
H C NArFziGFR, MD Helen Warmer AB W alter E Stern MD, 
Roberta Fem ON MD and H J McCorkle D (San Franciscp) 
Jour A M A August loth 1940 c\\\i i 183 
During the past two years the writers ha\e treated with penicillin 37 
patients who liad infections imoKing the skull and central ner\ous system 
Of a group of twehe patients with pneuniococcic meningitis nine reco\ered 
The cerebrospinal fluid cultures of all patients who surM\ed were sterile after 
24 to 72 hours of combined svstcmic and intrathecal treatment with 
penicillin Two patients with stieptococcal and one with staphylococcal 
meningitis reco\ercd although one of the former wai> left with a se\ere mental 
impairment 

In the treatment of eight patients with osteomyelitis of the frontal bone 
the immediate results were good but recurrences took place in all cases unless 
radical surgical ONcision of the infected areas was carried out as well 

In earh acute infections originating m the middle ear the results of 
penicillin therap\ alone were good but well established acute or chronic infcc 
tions of mastoid origin usually require surgical procedures in addition. 

Angus A Caaipbell 

The Use of Residual Hearing A C Furstenberg M D Ann Arbor 
(Michigan) Jour A M A September 21st 1946 cxxxn 138 
None of the present plans for the prevention of deafness is ideal The point 
where prevention terminates and therapeutic procedures begm must be clearly 
discerned In children a mass of adenoids encroaching on the eustachian tubes 
IS an important {etiological factor After the removal of adenoids, radiant 
energy may be useful in the destruction of lyTuphoid tissue responsible for the 
occlusion of the eustachian tubes 

Otosclerosis is a pathological and clmical entity’ which has successfully* 
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good with simple dilatation. There was a great difference in the way it was 
done. If bougies were put through a tight stricture one was likely to strip the 
epithelium. He used the dilating bag which slipped down a guide, and this 
bag when blown up would dilate to the size of four fingers. Possibty the 
stricture would have to be dilated everj'^ six months. In a small boj'- aged il 
years, in whom the X-raj's were identical with those in the case now shown, and 
in whom there was an under-development of the oesophagus at this point, as 
there ixi congenital shortening, with lack of proper covering by epitheiinm, 
he had tried to improve matters by applying a skin graft, by making a little 
bag in a dumb-bell manner which could be blown up with a graft on it. He 
would have said that in a case like the one shown there was no radical treatment 
possible. Anastomosis would prove to be unsatisfactory. 

Ian Robin asked how tight was the stricture. 

W. H. Bradbeer said that it dilated very easily. He had dilated three 
times in two months and the patient only improved for a short period. 

Ian Robin suggested that the patient might be instructed to pass a mercurj'^ 
bougie herself daily. He had a similar case which he had to dilate with olive 
bougies on a string, and then the patient was quite comfortable passing the 
mercurj? one, at first before every meal and now once a week. 

A. J. Wright said that a good deal depended on the stage of the stricture. 
If there was recent injury of the oesophagus, provided the patient could be kept 
in a reasonable state of nutrition, the \vise thing would be to leave it alone for 
six months or so. Interference in the acute stage of any oesophageal lesion 
tended to make matters worse rather than better. But it was rather difficult 
to saj' whether this was recent or not. 

The Chair.man said that he hoped to show the results in lour cases seen in 
children who had traumatic strictures following the swallowing of sulphuric acid 
or something of that kind. The oesophagoscope had been used and a dilator 
passed through to determine the consistency of the stricture and then a gastro- 
stomy had been done. The curious thing was that all these children who 
were able to carry on at school wdth a gastrostomy tube would have an ounce 
of milk given by the gastrostomy tube in the morning and this set up a reverse 
peristalsis which actually dilated the stricture, so that they could be given a 
soft meal, almost an ordinary' meal, by the mouth in the afternoon. Two of 
these cases were now fit radiologically and accepted an ordinary sized oesophago- 
scope. The other two had so much improved that he thought the gastrostomy 
tube would be removed quite soon. 
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intravenously. Oral administration is useless m systemic infections and it the 
drug be nebulized m bronchial infection very little streptomycin is absorbed 
through the lungs 

There were a hundred cases of Hsemopiulus influenzae meningitis reported 
of these 66 were cured climcall> and bactenologically while under treatment, 
thirteen improved under treatment and finally recovered, one improved but 
relapsed, three showed no effect and seventeen died Late treatment after 
other forms of therapy have failed is most unfavourable 

Streptomycin is extremely effective in tularaemia, but has little or no effect on 
typhoid 

Results are striking in infections of the middle ear caused by Gram negative 
organisms It was used prophylactically with satisfactory results in three 
cases 

The article is lengthy has eight tables and bibliography 

Angus A Campbell 


Development of Strepiomyexn Resistance during Treatment Maxwell Finland, 
M D , Roderick Murray, M D H William Harris, M D , 
Lawrence Kilham, M D and Manson Meads MD ('• ith the technical 
assistance of Clare Wilcox Boston) Jour A M A September 7th, 
1946, cxxxii, 16 

The early laboratory and clinical expencnces with streptomycin have already 
indicated that acquired resistance may be of considerably greater importance 
with this agent than with penicillin or the sulfonamides 

Of twelve cases with various Gram-negative bacilli treated with strepto- 
mycin, eight failed to show any beneficial effects The failure m each instance 
was associated with a rapid development of extreme resistance to strepto 
mycm 

Angus A Campbell 


Streptomycin Its Clinical Uses and LvnUattons Donald R Nichols, M D 
and Wallace E Herrell M D (Rochester, Mmn ) Jour A M A , 
September 28th, 1946, cxxxii, 200 

Streptomycin has been found to be active m vitro to a variety of gram- 
negative and Gram-positive bactena Vanous strains of the same bacterial 
species may differ widely in their sensitivity to streptomycin 
Oral administration is of little or no value in systemic disease 
Intramuscular administration is the method of choice but the drug may be 
given intravenously, subcutaneously and intrathecally Streptomycin intro- 
duced into the tracheo-bronchial tree by nebulization is not absorbed into the 
blood stream in significant amounts It is of definite value in the preparation 
for pulmonary resection in cases of bronchiectasis Further investigation into 
the treatment of non surgical bronchiectasis appears to be indicated Strepto 
mycm does not exert a rapidly curative effect on clinical tuberculosis Hamo 
phiius influenzae and tularjemia respond satisfactorily to treatment with this 
drug 


565 



Abstracts 


Temporary symptomatic improvement occurs in the treatment of ozcena. 
Best results are obtained when the organism is Proteus vulgaris or Aerobacter 
aerogenes. 

Meningitis due to Haemophilus influenzae responds satisfactorily. 

Streptomycin is of doubtful value in osteomyelitis. 

The elimination of the organisms sensitive to streptomycin frequently may 
favour the growth of bacteria which are sensitive to penicillin. There is no 
contra-indication to the simultaneous use of both streptomycin and penicillin. 

* Angus A. Campbeli.. 
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LABYRINTHINE FENESTRATION— 

THE PRESENT POSITION 

B> C A HUTCHINSON (Salisbur» 

There have been many references in both the medical and the lay press 
to the operative treatment of otosclerosis , while unfortunately certain 
penodicals have published the most extraordinary and wild claims on its 
behalf Otologists in this and many other countnes are taking an ever 
increasing interest m the subject and several of them are beginning, or 
are about to begin, to try their hand at it therein lies the danger , 
and the time is, therefore, surely npe for a dispassionate survey of the 
whole field and an attempt to present the naked facts stripped of all 
embroidery, to point out the dangers and to describe m detail a technique 
whereby such dangers may be reduced to a minimum 

It IS not proposed in this article to discuss either the aetiology or the 
pathology of otosclerosis — these have already been dealt with ad nauseum 
elsewhere Since, however, the differential diagnosis is of such impor- 
tance and has for some reason received but scant attention, it may serve 
a useful purpose to give a brief summary of it — 

Differential Diagnosis 

I Otosclerosis 

(rt) Symptoms The patient with a family history of resistant progres- 
sive deafness occurring relatively early in life often shows nnnUus 
as the first symptom Such tinnitus is as a rule " central ", is at first 
intermittent but may become continuous and very intense, and the 
rapidity with which the condition progresses \anes with the intensity 
of the tinnitus 

Progressive Deafness for all tones develops , but often the first symptom of 
the onset of otosclerosis is the inability to hear low general conversation 
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• At first unilateral, the deafness is very little influenced by climatic 
changes and is worse after fatigue. When well developed, deafness for 
high tones is marked. 

Vertigo is occasionally found. 

Paracusis is often marked but is " false " in character. 

{b) Signs. The external auditory meatus tends to be glazed and dry 
The tympanic membrane may show no abnormality ; but on the other 
hand the *' flamingo red ” tinge of the promontory (due to congestion) 
may show through, and when seen is pathognomonic. The eustachian 
tube is often widely patent. 

Note. Eustachian obstruction or the presence of chronic suppurative 
otitis media do not negative a diagnosis of otosclerosis. 

(c) Tests. ■ Show an advanced degree of conduction deafness, i.e., 
Schwabach’s test may show bone conduction to be normal or increased 
but Rinne's test is negative. 

{d) Audiograms. Are of less use in diagnosis than was hoped, since 
audiograms taken by different operators using various techniques, 
regardless of the effects of differing noise levels, show such uide varia- 
tions that their accuracy cannot be accepted except as a very rough guide. 
They are of value, however, in assessing the improvement after operation 
— ^provided they are taken both before and after operation by the same 
technician under identical conditions udth the same apparatus and 
technique in a sound-proof room. 

2 . Membranous Periotic Deafness 

(fl) Tinnitus is referred as a rule to the affected ear. 

(b) Progressive deafness of one of three types : — 

i. Considerable high tone loss and a negative Rinne for high tones 
(mucosa in region of foramen ovale affected). 

ii. Considerable low tone loss while high tones are heard moderately 
well (mucosa in region of foramen rotundum aff^ted). 

iii. Good or at least fair auditory acuity for middle tones and 
progressive loss of hearing towards either end of the register 
(mucosa in region of both foramina affected). 

3. Presbycusis 

High tone loss is the prominent feature. 

4. Measles and Scarlatinal Deafness 

The most common causes of nerve type deafness in children — ^marked 
high tone loss. 

5. Mumps Deafness 

Rare but often very severe. As a rule unilateral and is very often 
associated rvith evidence of vestibular involvement. 

6. Luetic Deafness 

Nerve type deafness with high tone loss. It is very common and of all 
varieties of nerve type deafness responds best to treatment. 

Lastly in the following three conditions we get deafness very similar to 
periotic deafness, but, while it may be of extreme degree, it can be restored 
quite suddenly almost or quite to normal. 
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7. Atidtlory Fatigue 

Temporary recorery occurs after rest 

8 Cochlear Ischama 

The inhalation of amyl nitnte or listening to a loud buraing {Barany's 
Bo\), both of which congest the cochlear vessels, will temporanly restore 
the heanng 

9 Overstretched Tensor Tympam 

Manifested by so called " curtain deafness where there is deafness foi 
conversation coming on in waves, while there is good heanng for simple 
tones Temporary recovery of heanng can be secured by the use of 
artificial wax in the externa! auditory meatus (A good formula for 
which IS one dram each of spermaceti and cera flava to the fi oz of 
lanohne ) 

Objects of Surgical Treatment 
Now since the essential feature of otosclerosis is the inability (thanks 
to ankylosis of the stapes footplate in the foramen ovale) of sound waves 
to set up vibrations in the labyrinthine fluids and so stimulate the cochlear 
nerve endings in Corti’s organ, operative treatment aims at by-passmg 
the obstructed foramen and so effecting a new route of access for the 
sound waves It is obvious, however, that for such operative procedure 
to have a chance of success there must be good heanng by bone conduction , 
indicating an mtact organ of Cortt and a functionable heanng centre 

Development of the Technique 

The chapter opens with Kessell's efforts in 1876 , but though 
Kessell, Passow, Barany, Jenkins and others tned vanous sites and 
techniques for labynnthme fenestration they had nothing save failures 
to report until, as recently as 1920, Holmgren of Stockholm met with some 
success with his fenestration of the external semicircular canal 

In 1921 Sourdille of Nantes was able to report some success with 
fenestration of the external semicircular canal and the employment of a 
tympanomeatal flap to cover the fenestration He too, however, frankly 
admitted many failures In 1932 he was at last able to report a fair 
proportion of successes out of one hundred and fifty operated cases 
In 1935 Holmgren reported further successes Meanwhile he had 
been trying out many different approaches and employing a vanety of 
matenals to cover the fenestration — racluding Thiersch grafts, stent, fat, 
gold leaf and paraffin Both Holmgren and Sourdille favoured a three 
stage, and later a two stage, operation with a postero supenor approach 
In 1938 Lempert of New York published a one stage transmeatal 
technique of his own claimmg considerable success for it 

The wnter’s interest m the procedure dates from 1932 and was 
inspired by Sourdille's results After tr3nng out vanous sites for fenestra- 
tion and approaches and doing a considerable amount of experimental 
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work on cadavera, a few cases were operated on and finally in ISIay, 1939, 
a case was .shown in the Section of Otology, Royal Society of Medicine, 
who after a five year interval since operation still retained a remarkable 
degree of restored hearing. Then came the war years which, while 
putting a stop to actual operative procedure, gave ample facilities for 
experimental work : the result being the adoption of a one stage 
procedure like Lempert's but with a post-aural approach like that of 
Sourdilie. 

Since 1939 considerable strides have been made : in the U.S.A. 
Lempert, Shambaugh and others have been hard at it. In this country, 
Simson Hall of Edinburgh, Cawthome and Garnett Passe in London and 
various other workers have kept the ball rolling, while Holmgren and 
Sourdilie on the Continent have not been idle. There has, moreover, been 
considerable liaison between workers in the different countries, and it may 
be said that the technique has crystallized out into a more or less standard- 
ized one stage procedure — ^the sole exception being that Sourdilie still 
favours operating in two stages udth a six months interval between them : 
instruments and operative steps are practically identical, but whereas in 
this country and on the Continent a post-aural approach is on the whole 
preferred, in the U.S.A. the transmeatal approach is the more popular. 

The uTiter has just returned from attending the inaugural lectures and 
demonstrations on the surgery of otosclerosis given by Sourdilie on his 
appointment to the Directorship of the Otorhinolaryngological Clinic of 
the Faculte de Medecine de Strasbourg. It was extremely interesting 
and admirabty organized, and was very well attended by otologists from 
several parts of France, Switzerland, Holland and Belgium. We were 
given every facility to study and discuss every detail of his technique, 
examine his armamentarium, watch a demonstration operation by 
Sourdilie on a cadaver, watch him perform the first stage on an actual 
patient, and finally to examine some cases operated on by him up to 
thirteen years ago and to test them in ever}^ way both with and without 
masking of the unoperated ear : so that one was able to form a very 
clear idea of the minutiae of his technique as well as of the ultimate 
prognosis. 

It would appear then that there are actually three slightly different 
techniques in vogue ; — 

(1) The one stage transmeatal operation of Lempert and Shambaugh. 

(2) The two stage postero-superior operation of SourdiUe. 

(3) The one stage postero-superior operation favoured by Simson 
Hall and the writer. 

It is not proposed to discuss the Lempert-Shambaugh operation here, 
as in the writer’s opinion the access and exposure afforded are not so free 
as those obtained \Hth a postero-superior approach and hemostasis 


570 



Labyrinthine Fenestration 

appears to be less easy to secure In fact it is like operating through a 
keyhole " , and anyhow as a colleague has remarked “ why make the 
operation more difficult ^ Instead \\q shall confine ourselves to com- 
panng the two postero supenor operations 

1 Thetwo stage operation Sourdillenowoperatesimder local anesthesia 
At the first stage he performs a modified radical mastoidectomy , 
prepanng the tympanomeatal flap with great care %Mth the aid of a magnifying 
loupe and paying particular attention to thinning it and tnmmmg it to the 
required shape and size He then removes the malleus head, but carefully 
conserves the incus as he considers that so doing increases the mobility of the 
flap after final fenestration The flap is then carefully placed m position and 
tamponaded uith paraffined gauze and the incision is sutured He carries 
out frequent transmeatal dressings until healing is secured 

Si\ months or so later he cames out the second stage He reopens the 
incision makes a semicircular incision in the shrunken adherent flap postero 
supenor to the torus of the external semicircular canal raises the flap so devised 
and rolls it forward so as fully to expose the torus Then using an operating 
microscope and with the aid of rasps of vanous sizes — rather like minute 
crochet hooks ivith straight back slanted chisel edges — he fenestrates the torus 
dose to the dome of the \estibule reapplies the flap and tamponades it m place 
wth paraffined gau2fe The incision is then sutured Frequent transmeatal 
dressings are earned out until healing is secured 

Special points worthy of note are that SourdiUe makes the postero 
superior skin incision with a diathermy cutting needle arrests all h-emorrhage 
immediately it occurs and carefully removes all bone fragments ivith forceps 
He does not employ a saline stream as not using a dnll there is no bone dust 
to remove Moreover he ignores the question of serous labyrinthitis and it 
IS probable that he is able to do so with impunity because he does not cover the 
fenestration with a freshly cut tympanomeatal flap but with a fully shrunken 
sheet of scar tissue of many months duration which is so avascular that 
capillary dilatation and increased capillary permeability just don t occur He 
does not deliberately enchondrahze the area around the fenestration site but 
on the other hand his rasping away of the bone until eventually the endosteum 
is exposed which he then carefully opens secures this more or less automatically 
He employs no prophylactic intramuscular penicillin prior to operation 
and finally unlike certain American workers he makes no extravagant claims 
to So per cent successes but like ourselves say's that there is a fifty fifty chance 
of success 

2 The one stage operation The question is can we hope to obtain as good 
results by the one stage procedure as Sourdille does by his two stage technique ^ 
In the vv-nter s opinion we can but the most meticulous attention to detail is 
absolutely essential if we are to avoid — 

{a) failure or 
(b) disaster 

If however adopting the two year entenon we find that we cannot equal 
Sourdille s results m a reasonable proportion of cases it may be that w e w ould be 
well advised to revert to the two stage technique 
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For the benefit of those about to take up fenestration the following detailed 
account of the selection of patients, their preparation for operation, the actual 
operative technique and the after treatment adopted by the writer are given 
in full. 

Selection of Gases 

This is of the utmost importance. There are in the writer’s opinion 
three absolute contra-indications to operation ; — 

1. Practically complete or complete absence of hearing by bone conduction 
— indicating a hopelessly disorganized organ of Corti and/or spiral ganglion or 
cochlear nerve. 

2 . The presence of otosclerotic changes radiographically demonstrable 
in the actual bony wall of the external semicircular canal. 

3. Cases with well marked alteration in tone of their voice — the signifi- 
cance here is probably the same as in (1) above. 

Relative contra-indications to operation are : — 

1. The presence of a low middle fossa and a forward lateral sinus, when it is 
impossible to secure the essential free access to the fenestration area. 

2. Female subjects in any stage of pregnancy — distinct aggravation of the 
disease occurs at such times. 

3. Subjects Nvith low-grade mentality — in whom it is difficult if not 
impossible to re-educate their atrophic hearing centres. 

4. Over age — ^the best results are obtainable in patients between the ages of 
20 and 30 : prognosis is less favourable between the ages of 30 and 40 ; while in 
patients over the age of 45 it is doubtful whether it is worth while operating at 
all : the explanation being that with advancing age the nerve of hearing 
gradually degenerates, while the hearing centre itself becomes atrophic from 
disuse and is therefore not re-educable. 

5. Extreme deafness and/or high tone loss below ordinary speech levels. 
In America they are not so rigid in their views as to whether patients mth a 
major degree of high tone loss should be operated on or not. 

One can sum up by saying that the most suitable type for operation is 
the young, intelligent adult between the ages of 20 and 30, with audiograms 
showdng a flat conduction deafness curve of more than 30 decibels, and 
more or less good bone conduction hearing. 


Preliminary Steps before Operation 

1. Any septic focus in nose, paranasal sinuses, pharjmx or nasopharynx 
must first be cleared up before the fenestration operation is attempted. 

2. Reliable audiograms should be taken of both ears. The writer is 
indebted in this respect to the Acoustic Department of Jlessrs. Allen and 
Hanbury, who go to considerable trouble to carry out tests for him under 
identical conditions etc. 
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3. First-class bilateral radiograms of both petrous bones are required to 
show the position of the middle fossa and of the lateral sinus on each side. 

4. Special angle radiograms of both labyrinth regions are required to show 
the presence or absence of otosclerotic changes in the region of the external 
semicircular canal. A radiological colleague kindly worked out these angles 
for the writer so as to give the maximum clarity. He employs the following : — 

0-M line at right angles 

Tilt of head 45 degrees 

Tilt of tube 12 degrees to head. 

Operative Risks and Complications 

1. Suppurative labyrinthith u'ith (he possibility of subsequent meningitis. 
With modem aseptic technique this risk is negligible and the uriter has never 
had a single case. 

2. Vertigo. This may or may not occur, its duration is usually short and 
the response to therapy with luminal is satisfactory. It usually disappears in 
a few weeks, but in occasional cases may last a few months. However, even 
after its apparent disappearance, violent blowing of the nose or sneezing may 
produce temporary vertigo, and therefore some care has to be exercised to 
avoid doing either of these things when crossing a road. 

3. Facial paresis and paralysis. Some operators have had this complica- 
tion. The writer believes this to be due to frictional heat engendered during 
fenestration. Working as he does in a saline stream he has never had it occur ; 
Simson Hall's experience is, he believes, similar. 

4. Further impairment of hearing. This only occurs in some 2 per cent, of 
all cases and is therefore a very slight risk indeed. 

5. Death from heart failure. This again has been reported but the writer 
has never seen it occur and believes it to be no greater risk in fenestration than 
in say a hernia operation • so that it is a cause for headache to the ansesthetist 
rather than to the labyrinthine surgeon, 

Ansestbesia 

A few operators favour local anaesthesia, the majority, however, are 
dehnitely in favour of general anaesthesia. In the Nvriter's opinion the 
best form of this is Gas-Oxygen-Trilene, The operation is a long one 
taking i hour 45 minutes to 2 hours in all ; throughout the whole of this 
period the patient must be “ flat out " and immobile without the slightest 
variation in blood pressure with its resultant possible hamorrhage into 
the fenestrated labyrinth — should this occur the operation is fore- 
doomed to failure and the surgeon may as well go home, for the results are 
disastrous and final so far as the desired resultant improvement in hearing 
is concerned. The anaesthetist, therefore, has to be on his/her toes the 
whole time and it may definitely be stated that the anesthetic should not 
be undertaken by any anesthetist who has not had considerable experience 
with anesthetics for labyrinthine surgery. ■ . - 
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standing Ward Orders for Fenestration PatfeSs 

1. Pre-operative Ward orders 

[а) Admit by 5 p.m. the night before. 

(б) Routine pre-op. examination, urinalysis, etc. 

(c) All wax to be removed from ear selected for operation. 

Prophylactic penicillin 20,000 units I/M three-hourly round the clock, 
starting at 8 p.m. and continuing up to and inclusive of 2 p.m. on the 
next day (day of operation). 

(e) Complete half-head preparation in a.m. (sticky plaster to hair margins 
for women). 

(/) Spirit preparation of shaved area and auricle — no spirit to enter 
external auditory canal. 

(g) Fill external auditory canal with Tinct. Merthiolate. 

(h) Cover with sterile gauze dressings and bandage in place. 

(r) Enema. 

{j) Nothing by mouth after tea and toast breakfast. 

{k) Pre-operative medication as selected by anaesthetist. 

{/) Theatre for 2.15 p.m. 

2. Post-operative Ward Orders 

(а) Side boards for first 24 hours post-op. 

(б) Raise head of bed 12 inches for first 24 hours post-op. 

(c) " Special ” nurse for first 36 hours post-op. — she must not leave the 
ward at all unless relieved first. 

{d) Nurse as far as possible on back with head fixed supine or (preferably) 
operated ear down and give bed-rest as soon as it can be tolerated. 

(e) Ward to be kept darkened and as quiet as possible first 36 hours post-op, 

if) If vomiting more than slight, notify ansesthetist during first 24 
hours post-op. 

(g) Coramine one ampoule if respiration falls below 12 or becomes shallow 
— and notify House Surgeon or Surgeon. 

(/;) Report to Surgeon any (a) facial paresis, (b) spontaneous nystagmus, 
as soon as noted. 

(1) Moderate fluids and glucose only by mouth first 24 hours post-op. ; 
then build up diet gradually. 

{j) Resume penicillin 20,000 units I/M three hourly round the clock 
as from 5 p.m. on day of operation for 24 hours ; then refer to 
surgeon as to whether to discontinue. 

{k) Veganin for pain pro re nata ; refer to surgeon if this fails to control. 

(/) Luminal in i grain doses for vertigo — but refer to surgeon if more than 
slight vertigo. 

(wi) Vegetable laxative in evening after that of day or operation no 
purgatives. 

{n) Pack over dressings if soaking through — but do not displace them. 

(0) Warn the patient not to touch bandages — ^if they tend to slip he/she 
must notify the nurse. 

{p) First dressing by surgeon on 8th day post-op. 
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Instructions lor tbc Patient 

The following information and instructions axe given to each 
patient 

I. liiforJnaUon for the Patient — given him her at the Consultation 

(a) While we are not as gross optimists in this country as they are in the 
States, a review of statistics from all surgeons performing this opera- 
tion, and including good as well as the poorest cases, shows that about 
50 per cent of the patients receive permanent and practical hearing 
improvement from the fenestration operation 

In your case the tests show — 

You have a well functioning nerve of heanng and are a 
suitable candidate for the fenestration operation, always 
provided that radiographical examination does not 
negative this 

Your nerve of hearing has been damaged to the extent 
that you are a border line candidate for the fenestration 
operation If under these circumstances the maximum 
improvement is obtained from the operation serviceable 
heanng will be r< stored to you 

Your nerve of heanng has been damaged beyond a point 
where the fenestration operation would be advisable 

(b) Line of action to take if at ftrsi you decide against Operation — You 
should have audiograms and examination by the Otologist once a year* 
when, if the nerve degeneration is progressing, you must decide once 
and for all whether or not to have the operation , otherwise it will be 
too late 

(c) Risks etc [other than operative risks) — 

(1) 2 per cent only show aggravation of hearing impairment 

(2) 5 per cent show facial paresis (weakness of the facial muscles) 
subsiding in a few weeks or months at the latest 

(3) There is the merest trace of a possibility of further nerve degenera- 
tion with advancing age 

(4) 10 per cent show osteogenesis (new bone formation) — this comes 
on mainly (S2 per cent ) within the first, the balance within two years 
after operation, so this is the vital period as regards failure or partial 
failure 

2 Insintctions to the Patient as to Post operative Care — given him/her on 
admission — 

(n) Expect post-operative dizziness or giddiness for first 4-6 days 

[b) Assoon asit improves you vnWbo aWovved to get wp , but you must always 
be accompanied at first to avoid falling 

(c) You will leave Hospital about ioth-i4th day, but you will still be 
unsteady and should therefore be escorted 

LdfTv>o or three days after leaving hospital you should visit the otologist 
and should still be escorted 
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(fi) As a rule dizziness and unsteadiness will have disappeared one month 
after operation. In occasional cases slight unsteadiness on making 
sudden movements will be felt for many months to come. 

(/) Blowing the nose or sneezing may also cause momentary vertigo/ 
therefore' avoid these when crossing a street. 

(g) Smoking tends to increase vertigo : ' therefore curtail this strictly or 
(better) cut it out altogether for a time. 

{h) Report to the otologist about six times the first month starting (as 
mentioned above (on the second or third day after leaving hospital ; 
after the first month report once a week and later once a fortnight until 
the ear has completely healed. 

{i) . Complete healing takes 6-8 weeks on' the average — ^sometimes con- 
siderably longer. 

(j) At the second or third visit to the otologist the bandages will be 
removed and then a light plug of sterile . cotton wool only will be 
employed ; this should be changed twice a day or more often if it 
becomes moist. You can introduce this yourself. ' 

{k) When the ear stops discharging by day, it wiU only be necessary- to 
introduce the cotton wool plug at night. 

{1) Dry secretions on the outer ear can be cleaned away with cotton .wool 
moistened with peroxide ; but let no peroxide or water enter the ear 
until it has quite healed. 

{m) When the preliminary packing is removed from the ear at the first 
dressing w'hile you are still in hospital (about a week after operation) 
the heating in the operated ear will often be found to be as poor as, 
or poorer than, it was before operation ; after another week or so 
however it begins to improve slowly — -so don’t be disheartened. The 
hearingimprovement reaches its peak in two to six months ; moreover, 
the hearing when it first returns will be distorted but after a few weeks 
becomes clear anS natural. Lastly, the hearing in the unoperated ear 
will be found to improve a bit ; this is due to re-education of the 
hearing centre which has become lazy. . 

(m) If after being dry, the operated ear begins at any time to " weep ” 
again see the otologist at once. 

(o) Audiograms should be repeated six months after operation, at the end 
of the first year, and at the end of the second and fifth years. 

{p) You must not go bathing until the ear is quite dry ; and then only if 
a vaselined ear-plug is worn and a bathing-cap with ear-flaps (this is 
because entry of cold water into the operated ear might cause severe 
and dangerous dizziness). 

{q) Owing to a slight tendency to dizziness, be very careful when climbing 
ladders etc. 

{r) Air travel will be harmless but should be avoided if you are suffering 
from acute head cold. 

(s) Once the ear has healed have it cleaned out by the otologist once every 
6-12 months because of an increased tendency to accumulate wax. 

({) In any case, return to the otologist once a j'^ear for testing for the first 
five years after operation. 
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Theatre Lay-out 

The following diagram shows a suitable theatre lay-out. Special 
points are the following ' — 



Fig I.— Theaibe Layout tor Fenestratiou. 
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(1) Operating microscope and lamp are provided with a sterilizable 
aluminium hood each. 

(2) The electric drill flex is fitted with a sterilizable sleeve. 

(3) Special requirements in the Theatre over and above the usual dressings 
etc., are : — 

(a) 1/1,000 Tincture of Merthiolate. 

{b) Zelex. 

(c) 10,000 unit penicillin solution. 

{d) Kleen-oil and Lubrisol. 

(e) N/i Saline slightly above blood temperature. 

{/) 1/1,000 Adrenaline solution. 

(g) Surgical spirit. 

(7^) Six gallipots. 

(i) Bipp. 

{j) Sterile paraffin. 

Sterilization of Instruments 

1. All non-cutting instruments are sterilized by boiling. 

2. All cutting instruments and burrs are soaked in surgical spirit for 
twenty minutes, then washed in sterile water before use. 

3. Caps, masks, go\vns, gloves, towels, sleeve for the drill flex, ligatures 
and sutures are sterilized in the usual way. 

4. Metal hoods for operating microscope and operating light are sterilized 
by boiling. 

5. The drill handpiece is sterilized by boiling ; then run for five minutes 
each successively in (a) Lubrisol [b) Kleen-oil — both of which have them- 
selves been autoclaved. 

6. Zelex is sterilized by dry heat in plugged test-tubes. 

Note. The Zelex is prepared by mixing it wth equal parts by weight of a 
sterile 10,000 unit penicillin solution ; when, after three to five minutes interval 
to stiffen, it is ready for use. 

Technique 

A large pad of wool is placed in the angle between the head and the 
shoulder. The operating light is carefully centred on the operation ear, 
locked in position, and turned on. Sterile jackets are then applied to the 
light, drill and operating microscope. The sterile towels are then fixed in 
position wth mastisol or towel clips. 

Phase I 

A curved incision is made through the scalp with a small round-bellied 
scalpel from a point above the anterior border of the helix round behind the 
ear as far as the mastoid tip and carried do^vn to the bone. All bleeding points 
are ligatured. The periosteum is then raised with an elevator and retracted 
towards the ear until the suprameatal spine of Henle is fully exposed. 

An incision is made through the membranous external meatus in the plane 
of the skull surface from a point near the bottom of the posterior meatal wall, 
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across this wall and the roof, to a point slightly beyond the junction of the roof 
and the anterior wall From each end of this incision a further incision is 
earned dowTi at right angles to it to a point in each case just short of the line 
of attachment of the tympanic membrane Ali bleeding pomts are ligatured 

A MoUison retractor is now introduced, the tongue of it entenng the external 
meatus through the first meatal incision Minute gauze tampons are placed in 
the external meatus to protect the tympanic membrane With fine elevators 
and with the aid of Weiss magnifying lenses the membraneous external meatus 
betw een the tw o vertical incisions is carefully stripped from the bone as far as 
the annulus tympanicus and turned down into the external meatus and co\ ered 
with a small protective gauze tampon 

An epitvmpano mastoidectom} is then performed and the facial ridge is 
lowered as far as the ‘ Bridge 

The tampons m the meatus are removed and the membranous external 
meatus and membrana flaccida with w hich it is in direct continuity, are carefully 
stripped intact throughout the full extent of the meatal flap from the annulus 
tympanicus A tampon is introduced to protect the flap and the “ bndge ” 
IS then careful!} removed The malleo incudal and meudo stapedial joints are 
incised with a paracentesis knife and the incus dislocated and gently removed 
The superior ligament of the malleus is then divided and the loop of a thin 
special snare passed over the malleus head to lie around its neck , then with 
\ernier screw control the loop is tightened until the malleus neck is severed 
alternatively the malleus neck can be severed with the wnter s pattern guillo 
tine The malleus head is remov ed In this operation the utmost care must be 
exercised to avoid “ jump ' and trauma to the tympano meatal flap The 
tympano meatal flap so devised is then turned into the external meatus over 
small gauze tampons 

Any bone flakes which may have separated from the annulus tympanicus 
are carefully removed with fine forceps and manicure scissors from the outer 
surface of the tympano meatal flap The flap itself is then carefully trimmed 
with the scissors to render it as thin as possible and carefully shaped so as to 
fit accurately into the fenestration area It is then turned downwards and 
fonvards into the external meatus between adrenahmzed gauze tampons to 
keep it ischsemic 

A further flap is then cut from the external meatus and sutured to the 
inner surface of the anterior margin of the onginal curved skin incision 

Phase II 

The Weiss lenses are now discarded and the operating microscope swTing 
into position by the assistant The assistant next fixes in position the fine 
silver nozzle of the irrigation apparatus so as to deliver a stream into the depths 
of the wound The saline adrenaline stream is then turned on and all over- 
flow IS removed by the assistant with a sucker from the surface of the wound 

The site of the fenestration should be carefully selected and should lie on 
the torus of the external canal as near its junction with the vestibular dome as 
possible 

The surroundings of the fenestration site are enchondralized w ith a medium 
sized dental cutting burr in the electric dnll handle and then carefully’ polished 
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off with the polishing burr. This enchondralization and polishing off is repeated 
until the appearance of a bluish-grey oval patch in the centre of the area 
indicates that the endosteum has been reached. The drill is then discarded 
and starting on the side of the concavity of the external canal the endosteum is 
carefully removed from the fenestration site over an oval area roughly seven to 
nine mms. long by one to two mms. wide with fine dental pichs. Any under- 
lipping of the fenestration margin being scrupulously avoided in order to avoid 
giving play to the osteogenetic properties of the subjacent cambian layer ; 
the greatest care being also taken to avoid traumatizing the membranous canal 
which appears like a white thread in the perilymph of the torus under the 
fenestration. 

The tjunpano-meatal flap is then cleared of its adrenalized tampons and 
turned back so as to fit snugly over the fenestration area. During the last five 
minutes a supply of Zelex has been made up by an assistant with equal parts 
by weight of a 10,000 unit penicillin solution. A small wedge of this, about the 
size of the old threepenny bit, is then pressed home over the flap and smoothed 
off rvith a penicillin-moistened finger. A basket of paraffined gauze is applied 
over this and a fair sized wedge of Zelex pressed down into it and again smoothed 
off with a penicillin-moistened finger. A second basket of paraffined gauze 
is then introduced and a final thick wedge of Zelex pressed home, heaping 
it up well above the contour of the head. Sterile dressings are then applied 
over the Zelex pack in the open wound and fixed in place rvith firm bandaging. 
The patient is now returned to bed, and the head fixed so that for the first 
seven post-operative days he lies on the operated ear. 

The follorving brief points are worthy of note ; — 

1. Carr)dng forward the first mental incision onto the anterior wall of the 
external meatus and then making a second incision at right angles down to the 
attachment of the t}mipanic membrane ensures that the thinner roof and 
anterior wall of the membranous external canal are incorporated in the flap 
rather than the thicker posterior wall. 

2. Thinning of the flap was adopted so as to bring the epithelium of the 
flap wdth its inhibiting effect on osteogenesis to lie as close to the surface of the 
fenestration as possible. 

3. Zelex is introduced under pressure to keep the flap capillaries squeezed 
empty of blood, so lessening the tendency to serous labyrinthitis. 

4. The use of paraffined gauze baskets ensures easy removal of the Zelex 
pack in sections at the first dressing. 

5. Fixation of the patient’s head so as to lie on the operated ear ensures 
that the cochlea of the operated side is at all times above the fenestration, 
so preventing gravitation of red blood corpuscles and serum into the cochlea. 

After Treatment 

The first dressing is carried out by the surgeon on the eighth day when 
the Zelex pack is removed, aU save the minute wedge of it in contact wth 
the flap : the cavity is then packed with slightly paraffined sterile gauze 
brought out through the meatus and the postero-superior wound is 
sutured. 
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R dge lowered Bridge remo'red Incus removed 
Malleus Head removed 




Fenestration— Postaunl Technique 




Labyrinthine Fenestration 

On the lOth day the gauze packing and the remaining Zelex wedge are 
removed transmeatally the cavity is painted out with i/i,ooo tmcture 
merthiolate . insufflated with sulphathiazole and pencilhn powder 
(10,000 units per gramme) and lightly packed with sterile gauze 

On the 14th day the merthiolate, sulphathiazole and penicillin 
insufflations and the light packing are repeated 

On the 2ist, 28th and 42nd days the cavity is painted out with 
2 per cent aqueous solution of Methylrosanilme chlonde Thereafter 
this treatment is repeated once a month until the cavity is completely 
epidermized and healed ^ ^ 

The patient gets up about the 6th day and leaves hospital about the 
12th to 1401 day on the average He visits the otologist on the 17th, 
2ist and 28th days and thereafter once a fortnight until complete healing 
IS secured the bandages are discarded after the 21st day From the 
2ist day onwards the hght gauze packmg is discontinued and instead light 
s eri e cotton-wool packs are employed, these are changed once or twice 
a day and can be introduced at home 

. Causes of failure 

■T Retr<xcj^-^x or " Decollement ", as SourdiUe calls it, of the flap — ^with dead- 
spaWf^Sfnation interfering with the proper functioning of the new membrane 
With modern technique and the polishing off of the bone around the fenestra- 
tion better apposition of the flap is secured, and this therefore rarely occurs 
now a days 

2 Kelotd Development In the present state of our knowledge v\e are 
apparently powerless to prevent this fortunately it very rarely occurs 

3 Secondary Ulceration of the Flap Probably invariably of septic 
origin I am glad to say I have never seen a case, and for this I am sure 
we are indebted to the orthopaedic preparation of the patient and the rigid 
aseptic operative and post operative techniques 

4 Injury to the Membranous Labyrinth This risk has been reduced to the 
minimum thanks to the adoption of the operating microscope and the free and 
tangential access provided by the postero superior approach, in contrast to the 
vertical and restricted access afforded by the transmeatal approach which 
Lempert and certain other surgeons favour Another factor in this reduction 
IS the fact that when the endosteum is being opened at the actual fenestration 
It IS approached from the side of the concavity of the external canal where there 
IS more room for instrumentation than would be the case if the approach was 
from the side of the convexity 

5 Acceleration of the OtoscleroHc Process wath degeneration of the organ of 
Corti This IS countered by refusing to operate at all events for the time being, 
on any female subject in any stage of pregnancy 

6 Failure of Atrophic Hearing Centre as a result of disuse to recover its 
function The careful selection of patients for operation and the inflexible 
rejection of mentally sub normal subjects, of those showing change in tone of 
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their voice and of those over the age of 45 have reduced the incidence of this 
cause of failure to a very low level. 

7- Osteogenesis and closure of the fenestration by new bone formation. 
This, it must be admitted, occurs in some 10 per cent, of cases regardless of 
what steps are taken to try and prevent it. Its occurrence, however, is 
considerably less common than formerly, thanks to ; — 

(rt) The new technique with its removal of all bone chips by the saline- 
adrenaline stream. 

(6) The polishing off of the margins of the fenestration and its surrounds. 

(c) Securing what Shambaugh calls “ enchondralization ” of the fenestra- 
tion surrounds. 

(d) The careful prevention of any underlipping of the fenestration so 
avoiding exposure of the cambian layer with its vigorous potential 
osteogenetic capacity. 

{e) Taking care to thin the flap as far as possible so that the squamous 
epithelium with its inhibitive action on osteogenesis shall come to 
lie as close as possible to the surface of the fenestration. 

8. Serous Labyrinthitis. With the continual improvement in ■ technique 
first one and then another of the causes of failure have been eliminated so that 
now-a-days serous labyrinthitis comes to occupy a considerably more prominent 
position. It can be recognized by the occurrence of spontar;.eous nystagmus, of . 
which the quick element is usually directed towards the un-operated ear, bat 
occasionally is of vascular type with a rhythm synchronous with the pulse. 

The experiments of Shambaugh on monkeys show clearly that this serous 
labyrinthitis is due to the presence of red blood corpuscles and serum in the 
perilymph space under the flap. The problem of how to prevent it occurring 
crystallizes out into how to reduce bleeding during operation and in particular 
how to prevent inflammatory reaction in the flap during the immediate post- 
operative period. 

It is possible to render the fenestration area practically bloodless — quite 
apart from arresting the hremorrhage during operation as it occurs — if the actual 
fenestration itself is performed in a continuous controllable stream of physio- 
logical saline to which a few drops of adrenaline have been added. When dealing 
with the plethoric type, he can be placed on “ coagamine " or some other 
parenteral hremostatic agent, or on a course of calcium gluconate and vitamin 
D. Shambaugh himself goes further and removes some 500 cubic centimetres 
of blood three days before the operation in order to stimulate the haemopoietic 
activity of the marrow. 

In order to prevent inflammatory reaction in the flap one must realize that 
it is due to the liberation of histamine and histamine-like substances by the 
inevitable trauma to the flap in its actual preparation, resulting in local capillar}' 
dilatation and increased capillary permeability, as a result of which the red 
blood corpuscles and serum pour out into the connective tissues of the flap and 
the perilymph space below it in the region of the fistula. This inflammatory 
reaction ceases in some four days or so ; accordingly, if one can keep the 
capillary vessels squeezed dry and empty during a few days after operation, 
its occurrence can be prevented altogether. 

If this inflammatory reaction is slight it may resorb completely. If, on 
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the other hand, it is allowed to develop, an arachnoiditis commences m the 
region of the fistula which may terminate m fibrosis, permanent organization 
new bone formation But what is more important is the fact that a number of 
red blood corpuscles and serum gravitate to the more dependent parts of the 
cochlea where there are no arachnoidal fibres in the scala i estibuii and the sc^ia 
tympam, so that the corpuscle come to he actually against the delicate wall^ of 
the membranous labyrinth, without penetrating the latter but causing an 
imtative exudate to develop in the actual cochlear duct this, if sev ere resiiits 
in adhesive degeneration of the organ of Corti — Reissner’s membrane, the 
tectorial membrane and the hair cdls becoming stuck together and the c^Us 
themselves degenerating 

The capillary vessels can be kept empty by applying firm bandages o\ er 
tampons of sea-sponge, sorbo sponge or, as the wnter prefers, Zelex Lastly ^ 
the gravitation of blood elements to the cochlea can be prev ented if the patier\t s 
head is fixed for several days after operation either looking directly upivards or 
actually resting on the operated ear, m which position the cochlea is at all tiroes 
l3nng above the level of the fistula 


, Prognosis as regards Hearing 

[ Operators who employ local ansesthesia report that the hearing niay 
i be acute immediately after operation, but that dunng the foUoiving week 
it-declmes to about the level at which we who favour general an$sthe§ia 
I find it at the first dressing, when it may be as poor as, or poorer than, it Was 
before operation , at about the end of another week, however, it usually 
begins to improve slowly and reaches its peak m from two to six montl^s 
Xhe iuit ap Xbe xmc.se xit ^ 

few weeks it becomes clear and natural A general survey of the results 
secured by all surgeons performing fenestration shows that m carefuljy 
selected cases there is a fifty-fifty chance of a 25 to 35 decibel improvement 
in heanng, and such improvement if retained for one year will probably^ 
and if retained for two years will certainly, be permanent An audio- 
grammatic reading of a case taken 3 J months after fenestration follows on 
the next page 

General Systemic Treatment 

Since otosclerosis is a local manifestation of a general disease process 
systemic treatment should be practised both before and after operative 
treatment m the hope of at least checking the progress of the disease a^d 
preventing further degeneration of the cochlear mechanism and/or the 
hearing centre 

1 The general health should be maintained, particular attention being 
paid to the energetic treatment of any anasmia This is most important 

2 Any evidence of endocrine imbalance should receive due attention 
Pituitary extract ^ gram daily is well worth trying then wait a month and 
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X — Left ear. 
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repeat. Adrenal extract has its advocates. Some authorities favour the 
follotving course ; — 

Zinc Phosphide .... i/io gr. 

Lecithin 4 gr. 

Calcium Glycerophosphate 4 gr. 

One cachet of the. above three times daily for three months ; then inter- 
rupt for a month giving in the interim four injections of Martindale’s ampoules 
of pituitary i c.c. at a time. This full course to be repeated three times. 

Arguments Pro and Con Operation 

1. It has been stated that since otosclerosis is a degeneration process, 
surgical measures can lead to no benefit. The answer to this is that surgery 
aims at improving the hearing and not at curing the disease. 

2. Operation, it is objected, involves risk to hearing and life. As regards 
the first, the hearing powers are already to all intents and purposes useless and 
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Will become even more so unless something ts attempted The danger to life is 
almost ml , there have been practically no fatalities m the hands of labynn- 
thme surgeons of repute In fact now a days it is far more dangerous to 
travel by tram or car than to have a fenestration performed 

3 Finally, it is argued that now-a days when bone conduction hearing aids 
have attained such a high level of excellence and can confer such benefit, rio 
nsk whatsoever is justifiable To this the answer is that otosclerosis is a 
progressive condition , therefore sooner or later the time comes when the 
heating aid, at first so efficacious, is no longer of the slightest use to the dis- 
appointed and disillusioned patient, who moreover is now far deafer than he was 
before, besides being past suitability for operative procedure , on the other 
hand a successful operation m the first place confers improvement which is 
lasting 

In conclusion the wnter would hke to stress the need for recogmzirig 
the fact that labynnthine fenestration should not be embarked on light- 
heartedly by all and sundry The technique should first be fully mastered 
by studying the methods of those who have made a regular practice of the 
procedure and then by adequate expenmental work on cadavera 

The careful selection of cases, the thorough preliminary dnlling of the 
theatre team, the orthopsedic preparation of the patient, a completely 
adequate armamentarium, the most rigidly aseptic operative and post- 
operative technique and the most meticulous attention to detail a.t 
operation are all factors of the utmost importance if success is to he 
attained Moreover, since closure of the fenestration as the results of 
osteogenesis may occur up to two years from the date of operation, this 
period of time sfiotrW m every case 6e aiYowed to ei^pse defijn; attempting 
to assess such success 

Sourdille’s words " II s agit d'un sujet de grand avenir " in a letter 
to the writer in January, 1940, express the writer's firm opinion regarding 
fenestration “ Fools rush in where angels fear to tread ” , it vyould 
surely be a thousand pities if a spate of careless, clumsy and foolhardy 
attempts at the procedure produce such a crop of lamentable failures as 
can only bring this valuable operation into disrepute. 


Since the above went to press the wnter has studied the descnption of the 
new transt5nnpanic approach advocated by Popper of Johannesburg , but 
considers that it is still so very much in the expenmental stage and unsupported 
by final post-operative results that it is difficult to assess its true value , more- 
over, while it would certainly seem to ment careful study and tnal, it is 
certainly premature to " scrap ", as Popper suggests, the " surgical absurdity ” 
of the postero-supenor transmastoid approach, which whatever its disadvan- 
tages has indisputably yielded a reasonable proportion of successes out of 
several hundred operated cases 
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ACUTE OTITIS EXTERNA IN INDIA 

J. V. CLARK (Tunbridge Wells) 

Otitis externa in India is an extremely common condition, amongst both 
Europeans and Indians — ^how common is probably not fully appreciated, 
and I think that the figures published from the Army E.N.T. Centre in 
Secunderabad during the course of one fuU year, together with detail of 
clinical observations, bacteriological findings, and methods of treatment 
adopted may be of interest. 

Frequency 

During the year commencing April, 1945 to April, 1946, the total 
of new E.N.T. cases seen of aU types, including War casualties, was 
3,165. Of these, 525 were cases of otitis externa. This gives a percentage 
of 16-4 per cent., which is a strikingly high proportion and is, I think, 
accounted for largely by climatic conditions. 

.Etiology 

A graph designed to show the monthly percentage of otitis externa 
to aU other E.N.T. cases is produced below : — 



This shows a sharp rise during the months of May to October, i.e., the 
hottest months. The June temperature reaches about 114° F. and is the 
beginning of the Monsoon, with its increased humidity. Naturally, during 
these months many more people indulge in swimming, but this is far from 
being the complete explanation, as quite half the patients give no such 
history, and sweating alone suggests itself as the most important aetio- 
logical factor. Sweating results in the meatal canal becoming moist 
and this, together with warmth, offers a suitable nidus for infection to 
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develop I felt it was important to estabbsh if organisms producing 
otitis externa were normally present in the ear, and merely flourished 
and became pathogenic when conditions suitable for their growth 
presented, or if organisms were introduced in the presence of suitable 
growing conditions The latter has proved to be the case, as will be seen 
from the bactenological investigations detailed later 

Clinical Types of Acute Otitis Externa encountered 

1 (Edematous 

2 Ptiruleiti 

3 Granulomatous 

4 Membranous 

5 Hamorrliagic or Bullous 

The furuncle so commonly encountered in temperate climates is verj' 
rarely seen 
(Edematous 

This IS the commonest type of all — the meatal skin is diffuselj 
involved, becomes very swollen resulting in meatal occlusion 
of varying degree — often severe Discharge as a rule, is scanty Pre- 
auncular and upper deep cervical adenitis is usually present, producing 
swelling anterior to, and below the ear In more severe cases, penostitis 
develops with resulting cedema over the mastoid process w hich character- 
istically obliterates the retro aural groove first Sometimes, cedema 
becomes marked and widespread, causing outward and forward dis 
placement of the pinna Symptoms are apt to be severe Toxic 
signs are lanable but usually mild Pam on the other hand is 
acute and the pinna becomes tender to all movement Tenderness is 
marked in the pre auricular region and in the site between the mastoid tip 
and ascending ramus of the mandible Eating is pamful, as jaw move 
ment, particularly biting, causes pressure to be communicated to the 
meatal wall, with resultant pain 

Tenderness over the mastoid bone is rarely present even though 
oedema from periostitis is marked 

Purulent 

This type is common, but signs and symptoms are quite different 
from the oedematous type The meatal skm becomes raw looking, 
but IS not swollen Most commonly, the deeper parts of the meatus are 
alone involved Discharge is rather more apparent than m the oedematous 
type but IS never copious, and is of a thick creamy consistency This 
discharge rarely flows from the meatus and is only noted on otoscopic 
examination Symptoms are very mild — usually the patient complains 
merely of imtation and a wet feehng m the ear, perhaps scanty discharge 
from the ear 
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Granidomafous 

This type of otitis externa is really a more advanced stage 
of the purulent type. The same raw skin without swelling, the same 
scanty creamy pus is present, but associated one finds granulations 
present. These granulations take two forms, either a sessile plaque 
attached to the outer surface of the drumhead itself, or small pedunculated 
masses arising from the meatal walls — ^usually in the deeper parts of the 
meatus adjacent to the drum. Here they may arise from any point on 
the circumference of the meatal wall. Occasionally they are found in the 
outer third of the meatal canal, even though the main seat of infection 
would appear to be more or less confined to the deep meatus. The 
peculiar stalked nature of these granulations is striking, but can only 
be demonstrated by moving them with a probe. 

Membranous 

This is a rare type, of which only two cases were seen in this series, 
and is difficult to differentiate from certain types of self-inflicted 
injury by chemical agents. 

The meatal skin is swollen, usually occluding the lumen. The surface 
looks grey and “ sloughy ” but the membrane cannot be detached at this 
stage. There is an associated scanty watery discharge. Pain and tender- 
ness are marked, but, unlike the oedematous form, pre-auricular and upper 
deep cervical adenitis are not present. After 5 to 7 days the membrane 
separates and can be drawn out as a complete cast of the meatus, leaving 
a patent lumen. The residual lining is only mildly raw and heals within 
2 or 3 days. 

Hcemorrhagic or Bullous 

This is a most interesting type of otitis externa, quite different 
from types previously discussed and absolutely characteristic in its signs 
and symptoms. It appears to be seasonal (April to August), and I, 
personally, have never seen a similar condition in England. 

The patient has a sudden onset of severe pain in one or both ears, 
followed after 6 to 12 hours by a discharge of pure blood from the ear, 
though the pain is not relieved by this discharge. Apart from pain, the 
patient is usually fit — no cold, no sore throat, no fever, no loss of appetite. 
The ear is not tender to touch, and there is no surrounding pain or tender- 
ness. There are no associated neurological signs. Examination of the 
ear shows one or several hemorrhagic bullae on the meatal wall and 
occasionally involving the drumhead itself — this is very much the same 
as seen in cases of influenza, except these bullae are much larger, being 
about the size of a split pea. It is the rupture of one of these bullae 
which causes a discharge of blood enough to trickle down the face, giving 
some indication of their size. At first, the surrounding meatal skin is, 
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not inflamed ; the drumhead is normal and the hearing is not impaired. 
Later, there is some degree of secondary infection, with resulting meatitis 
and often the drumhead becomes congested, and, in a few cases, an 
effusion has developed in the middle ear. Never has middle-ear suppura- 
tion supervened. 

Whether the above clinical picture is only found in certain areas of 
India, I cannot say, but I suspect this to be the case, as no cases were 
noted in Bangalore Clinic during the peak months (April to August, 1946). 

Bacteriology 

It is usually stated that the acute lesions of the e.vtemal auditory 
meatus are due to staphylococcus or streptococcus — the staphylococcus 
producing the localized lesion of a furuncle and the streptococcus pro- 
ducing the diffuse lesion of acute otitis e-xtema of the mdematous type. 

Though more true of temperate than tropical or sub-tropical climates, 
I doubt if it is ever constant. Certainly the results obtained on 100 
consecutive cases in Secunderabad showed it quite untrue. 

The following tables summarize results (bullous otitis e.\terna is not 
included) 

TABLE I. 

Cultures from Meatus in Acute Otitis Externa 
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TABLE II. 

Cultures from Normal External Auditory Meatus. 


Pure Culture | 

Mixed 

Culture ^ 

Analysis of organisms present in 24 apparently normal meati. 
(Culture swab dipped in broth and then meatal smear taken.) 

Pyocy- 

aneus. 

1 Pro- 
1 tens. 

staph. 

alb. 

staph. 

aureus. 

strep. 

Coli. 

Diph. 

1 B, 

1 Subt. 

i 

1 

No 

Gro\vth. 

Nil 

: 

Nil 

' 

7 

4 

Nil 

Nil 

Nil 

Nil 

9 

X 

I 

-X 










I 












] 

1 

1 

— X 



> 



1 

.. ! 
i 1 







A close analysis of these table*; produces the fojlowing significant 
facts ; — 

(a) Pyocyaneus is by far the commonest organism present in acute 
otitis externa, accounting for 40 per cent, of cases in pure culture and 
another 30 per cent, in mixed culture. It will be noticed that, in the 
series investigated, pyocyaneus was not found in pure culture in the 
normal meatus and was only present in mixed culture in one case. This 
observation, coupled with the fact that over 30 per cent, of normal meati 
proved sterile, would suggest that organisms present in the meatus are not 
causative. It has long been considered that the pyocyaneus is non- 
pathogenic. Recently, several workers in India have conclusively 
proved while studying penicillin therapy that the pyocyaneous organism 
must be recognized as a true pathogen in wounds, and, obviously, the 
ear is no exception. 

(b) The organisms most commonly blamed for acute otitis externa 
account for a very small proportion in pure culture, i.e., staphs. 4 per cent, 
and streps, nil, though they do come second and third in the list in 
mixed culture, with staphs, present in 18 per cent, and streps, in 12 per 
cent., of which 10 per cent, are mixed staph, and strep, alone. The above 
figures naturally are of great interest when considering penicillin as a 
therapeutic agent. 
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It IS interesting to note that in a similar bacteriological study of acute 
otitis externa, by Quayle, A AMC , amongst Australian troops m New 
Guinea {Med J Australia, u, 228-231, September 2nd, 1944) the same 
high incidence of pyotyancus infection was found, 10,51 per cent in pure 
culture and 14 per cent in mixed culture This organism did not occur 
in any of the normal ears examined 

Now, a point I w ould like to stress at this stage is the fact that the 
organism present did not appear to be constant for any one clinical type 
of otitis externa From typical cases of cedematous lesions exery 
combination of organisms vv as found and pure pyocyaneus in not a fen 
This, from the point of view of treatment, was apt to be confusing but wdl 
again be discussed under the heading of " Treatment The bactenologj' 
of bullous otitis externa is dealt with separately, as in the senes of 12 cases 
seen during the one year, cultures were only made in 4 In these cases 
a swab was taken from the meatal wall, and a broth culture taken from a 
bulla by pricking it noth a sterile needle, and then dippmg the needle 
in broth All the broth cultures, i e , bullae, proved sterile From 
the meatus two swabs proved sterile and the other two produced — 

(a) Staph alb 

Gram — ve bacilli 
(i) Pyocyaneus 

Obviously no conclusions can be drawn from this tiny series and it was 
hoped further studies would be possible this season Unfortunately, the 
ENT Centre was moved to Bangalore, where the climate is cooler, and 
no cases were seen 

Treatment 

In this department, treatment has been reduced m pnnciple to a 
simple routine common to all types of cases, and it is hoped the following 
reasonmg will justify the practice A\ith the many hundreds of cases 
passing through the department, it was an easy matter to give every 
suggested treatment a fair tnal and to judge efficacy by results One 
by one alternatives n ere rejected in favour of the present routme, which 
IS as follows — 

Stage I 

Cleaning of the meatus — this is all important and must be pain- 
stakingly thorough All discharge is removed with wool mops, particular 
attention being paid to all debris partially adherent to the meatal walls 
or to the outer surface of the drumhead In some cases it is easier to 
syringe away this debris than to mop it clean , hon ex’er, if synnging is 
employed, the meatus must be very carefully dned out afterwards wuth 
wool mops In the case of the granulomatous type of otitis externa, the 
pedunculated granulations must be picked away wuth aural forceps No 
anaesthetic is necessaiy, for, provided manipulation is gentle and the 
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adjacent .meatal wall is not pressed upon, the pain is negligible. Any 
bleeding is controlled by wool or dry gauze, which is introduced for 
5 to 10 minutes. 

Once the meatus is thoroughly clean. Stage II, of the treatment is 
carried out. 

Stage II 

Insufflation of calcium penicillin and sulphathiazole powder, 5,000 
units penicillin per gramme. 

This insufflation is carried out under direct vision and is no more than 
a frosting of the surfaces of the meatal wall and drumhead. The above 
two stage treatment is a daily routine and it must always be thorough. 
Most cases clear up dramatically and are usually cured in from two to 
seven days. 

The one exception to this routine is the case where meatal swelling is 
so marked as to occlude, or largely occlude, the lumen. Obviously, the 
treatment is then impracticable and the meatal swelling has to be reduced 
first. The reduction in swelling is achieved by carefully introducing a 
small wick (sHces cut off rolled bandages) soaked in 8 per cent, aluminium 
acetate. This may have to be renewed after 24 hours, but it is rarely 
necessary longer than 48 hours. Once the lumen is re-established, the 
penicillin and sulphathiazole powder is insufflated as per routine. Now 
the obvious criticism of the use of calcium penicillin and sulphathiazole, 
is that bacteriological statistics have already shown that the potentially 
sensitive organisms are only present in 20 per cent, in mixed cultures 
and 14 per cent, in pure cultures. (Staph, pure 4 per cent, mixed staph, 
and strep. 10 per cent.) Although the powder is not always " specific ” 
it does keep the meatus dry, and, provided the meatus is kept dry, the 
non-sensitive organisms should not thrive, as they need moisture. 

The dosage of calcium penicillin was arrived at by assessing how much 
powder per patient was used on the average. By weighing the insufflator 
before and after use on 50 consecutive ears, the difference in weight 
worked out to 2 grains per ear, and the dosage of penicillin, therefore, 
was approximately 700 units. This is considered adequate over such a 
small area for twenty-four hours. Sulphathiazole was chosen as the 
vehicle not so much because of any specific action on organisms present, 
but because it is not highly soluble and would keep the meatus dry for 
24 hours. When penicillin powder alone was used, the ears were found 
to be discharging again as soon as two hours after treatment. This proved 
equally true with boric powder, due to high solubility. Solutions of 
penicillin proved a failure. Even when culture had originally shown a 
pure staph, or staph.-strep. infection present, an initial improvement 
clinically was shortly followed by relapse, and pyocyaneus found to be 
-present. This I considered due to the wet method of treating an ear, which 
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I think should be condemned in a country where pyocyaneus is so nfe 
It IS felt that the empirical use of this powder is therefore fully justified as 
culture reports take 48 hours before return, and in many cases the patient 
can be cured in this time 

In the case of bullous otitis externa, it would appear more sensible 
not to rupture the bullae as is frequently advocated, as the bloody 
medium resulting lends itself to further secondary infection 

Only one case of sulphonamide sensitivity was encountered m this 
series of cases However, as recent reports have shown that sulphathia- 
zole IS more liable to produce skm sensitivity than sulphadiazine m the 
proportion of 13 i, it would perhaps be safer to substitute sulpha- 
diazine for sulphathiazole, while retammg the original dosage of 5,000 
units calcium penicillin per gramme of sulphonamide. 

Summary 

A series of 525 cases of acute otitis externa, forming 16 • 4 per cent 
of all new ENT cases seen dunng the course of one year at an Army 
ENT Centre m Secunderabad, India, is presented, together with 
detail of clinical observations, method of treatment, and a bacteriological 
study and analysis in too consecutive cases 

A graph is drawn up to show seasonal variation in incidence, and 
attention drawn to the marked mcrease m number of cases dunng the 
hot season, suggestmg sweating as an all important aetiological factor 
Cases are classified clinically into oedematous, purulent, granulomatous, 
membranous and bullous types, the latter being regarded as an unusual 
form of acute otitis externa, probably geographically limited and seasonal 
in incidence 

Bactenological study shows a stnkingly high incidence (40 per cent ) 
of Bacillus pj'ocyaneus in pure culture, with streps and staphs present 
in only 14 per cent in pure culture and 20 per cent in mixed culture wuth 
other organisms A comparative senes of bacteriological cultures from 
the apparently normal meatus is tabulated 

Treatment recommended stresses the great importance of thorough 
cleanmg of the meatus and advocates the empmcal use of a penicillin 
sulphonamide powder as a daily insufflation after thorough cleaning 
This IS considered to act not only on penicillin sensitive organisms, but 
to cure by keeping the meatus dry 


593 



CONGENITAL ABNORMALITIES OF THE PILLARS 
OF THE FAUCES AND THE ACTION OF THE 
POSTERIOR PILLARS AND NASOPHARYNGEAL 
VALVE DURING SPEECH 

By MICHAEL C. OLDFIELD (Leeds) and I. P. J, MACNAUGHTAN 

(Edinburgh) 

The posterior pillars of the fauces play an important role in the production 
of speech sounds, since their contraction assists in the occlusion of the 
nasopharyngeal isthmus. Our attention was drawn to this action when 
examining the movements of the posterior pillars from their postero- 
inferior aspect through a large pharyngeal fistula in a patient who, some 
months previously, had attempted to commit suicide by cutting his throat. 
When he spoke, air escaped through the pharyngeal fistula and the effect 
on speech was similar to that resulting from the escape of air through 
the nose when the palate is cleft, as the explosions so necessary for 
consonant formation could not be produced. 

Direct observations were made of the soft palate and pillars of the 
fauces when certain consonant sounds were attempted. Not only was the 
soft palate raised but the posterior pillars were seen to contract actively 
and helped to occlude the nasopharyngeal isthmus. A cinematograph 
film showing this action was shown at the Royal College of Surgeons during 
an Arris and Gale lecture on February 12th, 1940 (Oldfield®, 1941). 

Some patients with congenital abnormalities of the pillars have 
speech resembling that of the cleft palate patient, the nasopharyngeal 
valves being incompetent in both conditions. 

In 1895, FuUerton^ described a case in which the left posterior pillar 
was absent and Gerrie'* in 1939 described a case in which the left anterior 
pillar was congenitally absent and closely resembled the one which is 
described below. In all these cases the tonsil was absent or vestigial 
on the side of the defect. Newcomb® in 1897 reviewed 42 cases of different 
types of congenital abnormality of the pillars of the fauces and described 
two new cases of his own. Since that time various authors have described 
other cases. It would appear from the literature that partial defects are 
the commonest type of congenital deformity of the pillars ; a hiatus 
is sometimes present in them and only rarely are the pillars completely 
absent. WTien a hiatus is present, it usually communicates with the 
nasopharynx at a point where the pillar unites with the soft palate. The 
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aperture is oval and often symmetrically placed, but unilateral apertures 
have been reported 

Difierential Diagnosis 

Chronic ulceration due to congenital or acquired syphilis and accidents 
associated with tonsdlectomy are the commonest causes of severe defor- 
mity of the pillars of the fauces It is important to exclude, if possible, 
other causes of deformity before a diagnosis of congenital abnormality 
of the pillars can be made with confidence The presence of congenital 
abnormahties in other parts of the body may be considered as contnbu- 
tary evidence of the congenita! origin of the fauciat defect 

The embryological explanation of these congenitaf abnormahties is 
doubtful because the normal process of development of the pillars is 
still obscure For instance, Keibel and MalT (iqi2) stated that the 
pillars are developed before the second month of mtra-utenne hfe, 
the antenor pair being formed from the second branchial arches and 
the postenor pair by the backward prolongation of the palatal elements 
of the maxillary process towards the lateral wall of the pharynx Frazer' 
(1940) described the postenor pillars as developing from a wedge-shaped 
group of cells growing forward into the palatal fold from the 
third arch His’ (1885) on the other hand, believed that the antenor 
pillars are developed from the second and third arches, which would 
explam a rare abnormality described by F ndenburg’ (1908) in which the 
antenor pillar was double A small supernumerary anterior pillar was 
present on each side and formed a rope-hke structure running from the 
lateral margin of the soft palate to the posterior portion of the tongue It 
contained muscular tissue and contracted actively when the patient 
x\as " gagging " There were also two small apertures which communi- 
cated with the pharynx , the tonsil was absent on the nght and vestigial 
on the left The voice of the patient was said to have a " nasal twang " 
and “ speech resembled cleft palate ” 

Fndenburgr {1908) believed that the abnormahty w as due to failure 
of the second and third branchial arches to unite, which, according to 
His’ (1885) coalesce early m fmtal hfe to form the antenor pillars 

1. Congenital Absence of one Anterior Pillar of the Fauces 

Case Report 

A R a boy aged 12 years was brought to the Out-patient Department of 
the General Infirmary at Leeds on May 5th 1939 

The mother stated that one side of the boy s tongue was drawn up at the 
back and he was unable to pronounce some ot his words properly " He was 
the seventh child and his mother had had no miscarriages His father, mother, 
brothers and sisters had no congenital defects The mother had been told, 
while in the Maternity Hospital, that “ there was something the matter with 
the inside of his mouth ” She noticed also that he did not suckle as well as the 
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other six babies had done. He suffered from ** acute rheumatism” when 
he was ii years old, but there was no history of any serious throat infection. 

On Examination 

The patient s face and head were asymmetrical, the left side being 
smaller than the right. On examination of the in?ide of the mouth, 
it was noticed that the posterior third of the tongue on the 
left side was elevated so that it appeared to be continuous with the 
soft palate (Fig. i). There was a complete absence of the left anterior 
pillar of the fauces. The tonsil on the left side was vestigial. The 
movement of the soft palate was restricted, elevation being 
prevented by its association with the tongue. The patient’s speech 
was intelligible and, although most other individual sounds could be pro- 
nounced, the “ T ” and " Ch ” sounds could not be made at all. He 
could whistle and blow up toy balloons wdthout any difficulty. , / 

. On physical examination there was no evidence of a serious heart 
lesion or decompensation, but a sldagram of the chest showed 
a prominence on the convexity of the pulmonary artery shadow such as 
occurs in congenital pulmonary stenosis. The electrocardiogram showed 
accentuation of P2. An X-ray examination of the skull showed asym- 
metry of the vault, which appeared to bulge to the right because the left 
side was poorly developed. There were no physical signs of past or 
present syphilis and no family history of the disease. The blood Wasser- 
mann was negative. 

The attachment of the auricle to the head was lower on the left than 
on the right, and the left ear protruded more than its fellow. There 
was a left divergent strabismus. The left eye was slightly lower than the 
right. Vision of the left eye was markedly defective (visual acuity left 
C.F. at 2 ft. Right 6/6). The right optic disc was normal but the left 
showed evidence of congenital abnormality and was represented by a 
funnel-shaped cup. There was an aggregation of pigment round the 
edges of the cupped area and the blood vessels were arranged in an 
anomalous manner. The left optic nerve was partially atrophic. 

As the patient’s general health was in no way affected and he appeared 
to suffer from no serious disablement apart from the minor defect in 
speech, it was decided that operative treatment would be meddlesome. 
Speech training was started and he was discharged from hospital on 
June i8th, 1939. 

2. Congenital Abnormality of the Posterior Pillars— Lateral 
Sphincteric Folds of the Pharynx 

Case Report 

Gunner A.M., aged 25 years, was referred to us by Captain V. Drosso, 

R.A.M.C., on May 24th, 1942, complaining of a " sore throat ”. 

• Both his parents and his four sisters were stated to be healthy and, as far 
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Fig I 

Congenital absence of the left anterior pillar of the fauces Photograph showing the 
postenor third of the tongue on the left side elcA'atcd and apparenth continuous with the 
soft palate On the left, the tonsil was \estigial and the antenor pillar of the fauces was 

absent 





Fig 1 

Sketch showing congenital abnormalitv of the posterior pillars which were represented bt 
lateral sphincteric folds of the phar^ n\ 



Fig 3 

Anteversion of the U\ula 



Abnormalities of the Pillars of the Fauces 

as he knew, free from any physical defects The patient himself had alnajs 
been a healthy man and had not suffered from any senous illness He had 
never had any difficulty in speaking, swalloinng or breathing 

On Examinaiton 

The patient’s oropharynx Mas seen to be separated from his naso- 
pharynx by a thin diaphragm with an elliptical hiatus m the midlme 
(Fig 2) 

The uvula was absent and both tonsils were vestigial The antenor 
pillars appeared to be normal The posterior pillars were pale and 
thin and arose together from the postenor pharyngeal wall 
A little above the common ongin, they separated to form two leaf like 
folds which diverged shghtly leaving a median elliptical hiatus, which 
V aned in size according to their tension These folds joined again before 
entering the postenor extremity of the soft palate Wien the patient 
gagged, the folds became tense and a well-marked Passavant's ridge 
could be seen through the upper part of the hiatus (Passavant” 1863) 
In this way complete nasopharyngeal occlusion was effected by the 
advancement of Passavant's ndge into contact wuth the postenor surface 
of the folds and the soft palate 

There was no regurgitation of fluids and the articulation of speech 
sounds was natural 

Indirect laryngoscopy revealed an abnormally shallow vallecula 
and a “ nibbled " appearance of the free edge of the epiglottis The 
larynx was normal Examination of the nose revealed no abnormality , 
postenor rhinoscopy was found to be impracticable A careful general 
exammation showed no evidence of any other congenital abnormality or 
organic disease The Wassermann reaction of the blood was negative 

As this patient also suffered no ill effects attnbutable to the congenital 
abnormality of the throat, no treatment was necessary 

The formation of the postenor pillars in this patient appears tu 
support the view of Wood Jones” (1940) that the pharyngopalatinus 
represents morphologically two distinct muscles and the usual conception 
of it, being one muscle with two fasciculi is misleadmg Wood Jones” 
believes that only the upper part is the true “ palatopharyngeus ’ and 
this encircles the nasopharyngeal orifice as a horse-shoe sphincter These 
fibres are identical with the fasciculus desenbed by Luschka' (1862) and 
called by WiUis” (1930) "the palatopharyngeal sphincter", and represent 
an anatomical entity 

The lower fibres, or palatothyroideus, arise from the postenor 
margin of the thyroid cartilage and the pharyngeal aponeurosis In 
normal subjects, they curve laterally m the side wall of the pharynx 
before passmg medially mto the soft palate When they leave the side 
wall of the pharynx to approach the palate, they raise folds which we 
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recognize as the posterior pillars of the fauces. In the case just described,- 
the two muscle elements were even more distinct than normal and 
formed two separate sphincteric rings throughout most of their course. 
The upper one formed the normal Passavant’s ridge which moved back- 
wards and forwards in a horizontal plane. .The lower one formed lateral 
symmetrical folds which left the- posterior wall together, one inch 
below the ridge of Passavant, and passed directly upwards towards the 
soft palate, instead of curving laterally round the wall of the pharynx 
before passing abuptly forward and upward to form the normal posterior 
pillars. The lateral folds, in the congenital abnormality just described, 
moved upwards and outwards, opening like curtains in an oblique coronal 
plane. In either the normal or abnormal arrangements of fibres just 
described, both muscle elements of the so-called pharyngopalatinus have 
a cross action ; when they contract they form two separate sphincteric 
rings to assist in. the occlusion of the nasopharyngeal valve (Oldfield®, 
1941). 

3. Anteversion of the Uvula 

Case Report 

Driver D.R., aged 30 years, was admitted to a Maxillo-Facial Unit in the 
Middle East on February 26th, 1942, suffering from delayed union of a fractured 
mandible. 

MTien examining the inside of his mouth we found that the uvula was 
anteverted. It rose in the normal position but instead of passing' downwards 
.and backwards, it was curved sharply forward. Its anterior surface was 
concave and the tip pointed towards the lower central incisors (Fig. 3). On 
questioning the patient, he stated that he had never had an operation on his 
throat or tonsils, but he had suffered from tonsillitis about three times a year 
for as long as he could remember. None of his relations had any obvious 
congenital deformity, although as might be expected, the patient had not 
examined their throats very carefully. His sister, however, who spoke quite 
normally, died from a complication which followed an operation on her throat. 
The patient’s voice and articulation were normal and he complained of no 
symptoms which might have been related to the abnormality of his uvula. The 
blood Wassermann was negative. 


Discussion 

' It appears that the uvula has no mechanical function. Its contri- 
bution is not in any way vital to nasopharyngeal occlusion. There 
was no uvula in the second case and it was completely anteverted in the 
third, yet nasopharyngeal occlusion was complete and articulation was 
perfectly natural in both. In the third case the anteversion of the uvula 
was considered to be congenital in origin, but there was no conclusive 
•evidence, and the histor}^ of repeated infections might suggest the 
possibility of deep cicatricial contracture as the cause of anteversion. 
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Conclusion 

Nasopharyngeal occlusion is effected by a complex sphincter 
mechanism composed of overlapping muscle slings. The posterior wall of 
the isthmus is drawn forwards to form the ridge of Passavant, by the 
horse-shoe fibres of the palatopharyngeal sphincter. The lateral walls 
are drawn inwards by the salpingopharyngeus and the thyropalatinus^ 
(or lower fasciculus of palatopharyngeiis). In front, the middle third 
of the soft palate is raised and drawn back into contact with the postero- 
superior aspect of the pharyngeal wall ; a valve is thus formed which 
occludes the already narrowed isthmus (Fig. 4). 



Fig. 4 

~ ■ ■ ■ ' t « « * palate and pharynx The effect on 

.... . . sling IS shown When the nasopharyngeal 

' '' . ■ • sonant sound, the middle third of the soft 

palate is raised to meet the postero-superior pharyngeal wall and comes mto contact with 
Passavant's ridge. 


The posterior pillars of the fauces play a subsidiary but important 
role in speech and assist in the closure of the nasopharyngeal isthmus 

In Case 2, owing to a congenital abnormality, the component shngs 
of the sphincter 'were more widely separated than usual and their actions 
were easy to see whilst their efficiency was unspoiled 

Summary 

I Types of congenital abnormality of the pillars of the fauces are 
described. 

2. The embryology of the pillars is discussed. 
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3. Three cases of congenital deformity of the fauces are described 

i. Absence of the left-anterior pillar. 

ii. Lateral pharyngeal sphincteric folds replacing normal 
posterior pillars. 

iii. Anteversion of the uvula. 

4. The mechanism of the nasopharyngeal sphincter "with its over- 
lapping muscle slings is described. 

5. The posterior pillars play a subsidiary but important part in 
nasopharyngeal occlusion and speech production. 

6. The uvula has no mechanical function and is not required for 
nasopharyngeal occlusion. 
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“CONSIDERATIONS REGARDING THE 
SECONDARY AFTER SENSATIONS CAUSED BY A 
STIMULATION OF THE SEMICIRCULAR 
CANAL SYSTEM’’* 

SOME REMARKS ON THE PAPER OF L B \V JONGKEES 
AND J J GROEN 

By ERNEST WODAK (Tel-Aviv, Palestine) 

As the authors of the above mentioned paper refer to researches made, 
many years ago. by M H Fischer and me at the Physiological Institute in 
Praguet, some remarks about this topic may be allowed me Jongkees 
and Groen discuss the alternative phases, each contrary to the other, of 
the sensations of rotation, furthermore, the exceptional position of the 
first negative phase as \ie called it We held that these phases are of a 
central origin, whereas Jongkees and Groen believe them to be caused by 
penphenc changes m the cupula In their opinion the endeavour to 
restore the elasticity of the distorted cupula is sufficient to produce the 
phases of the sensation of rotation and of the after nystagmus, analogous 
to the optical after images produced by chemical changes in the retina 

(I) The authors are doubtless right m demandmg that we must look, 
first of all, for peripheric changes in thecupula to explain the phenomena of 
the after-sensations But,a5Wedulystressed(A/i))!a(sc/i)' / Ohrenheilk , Ivin, 
1 924) , " A penphenc stimulation lasting as long as this with such a periodicity 
IS extremely improbable Also the analogy to the optical after-images 
confirms that opinion ” At that time, we were of the opinion, backed by 
A Tschermak and other famous physiologists, that this latter phenomenon 
IS centrally caused And even to-day, a penphenc origm by chemical 
changes m the retina, as the authors held it, is not proved beyond any 
doubt To support their opinion the authors maintain " that later after- 
sensations have not always alternating directions, but are sometimes 
observed m the same direction a few times in succession ” In our 


• The Journal of Laryngology and Otology. Ixi, 4. 1946 

t Besides the paper by M H Fischer and me mentioned by the authors, there are 
many others m which we during our collaboration from 1919 to 1927, dealt with this topic, 
as e g E Wodak Mon / Ohrenh 5 B 1922 E Wodak and M H Fischer ibidem. 
58 1924 E Wodak Ibidem 59 1925 Partly also in nciy monograph about the past 
pointing test of B 4 r 4 ny Urban and Schwarzenberg Vienna. 1926 ^Vllen I stopped 
my work m the Physiological Institute m 1927, Fischer continued it with other collaborators, 
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numerous rotation tests we never could see such a course. We did see it 
by using short rotations (from 6 o° to 3605) and could explain this somewhat 
strange phenomenon as an algebraic sum between the central negative- 
after-sensation (caused from the original rotation) and the peripheric 
stimulation in the 1 . negative phase. 

Conceding to the authors that the restitution of the elasticity of 
the distorted cupula (caused by the flow of the endolymph) does not 
proceed in a straight undisturbed line, but slowly and with interruptions, 
we could then, at the utmost, expect a reaction with temporary interrup- 
tions, but always going in the same direction, i.e., without the character- 
istic contrary phases. Therefore, these contrary phases could not be 
explained on the author’s theory. 

There is still another phenomenon supporting our opinion for a 
central origin of the after-sensations, namely our experiences \vith optical 
nystagmus and the tonic reflexes caused by the turning wheel (Drehrad*). 
The test person fixing the strips of the turning wheel moved horizontally 
at great speed has the sensation of the rotation of his body in the contrary 
direction and shows, furthermore, the known optical nystagmus and the 
body-reflexes. All these phenomena show the same course in phases, 
one contrary to the other, we observe after the rotation. We can assume 
that in this type of sensation of rotation there is probably no stimulation 
of the peripheric labyrinth, and, therefore, we are entitled to maintain 
that these phases are of a central origin. Although the character of these 
sensations of rotation is not entirely identical with the sensation after 
stimulation of the labyrinth, we may, in my opinion, nevertheless compare 
these phenomena and assume in both of them a central origin of the phases. 
Also the experiences of sensation of rotation caused by suggestion speaks 
in the same direction, i.e. for a central origin. 

In this assumption of the central origin of these phenomena we are not 
alone ; Abels (Zeitschr. /. Psychologic, xliii, 1906, further Ibid., xlv, 1907) 
explained this phenomenon in conformity with A. Tscherraak as centrally 
caused thus opposing the opinion of J. Breuer [Ibid.). 

(2) For the 1 . negative phase we made an exception, assuming here 
two factors ; the centrally caused negative after-image and, besides, a 
peripheric stimulation of the cupula caused by the flow of the endolymph. 

If the test person changes the position of his head immediately after 
stopping the rotation, the person gets a very intensive sensation of rota- 
tion, this time in the vertical plane, the direction of which depends on the 
change of the position of the head. Also this new sensation of vertical 
rotation shows the characteristic contrary phases, whereby the original 
sensations of horizontal rotation with their phases remain independently. 
This test shows us, therefore, two different kinds of sensation of rotation. 


* E. Wodak ; Ada Oto-laryngol., xii. 
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each wth phases the horizontal phases and the vertical ones the first 
being stronger and longer lasting than the second ones 

It seems that Jongkees and Groen overlook this fact of the juxta 
position of the two sensations of rotation, because they are always 
refemng to the vertical sensation which, as a matter of course and also 
stressed by us is of a periphenc origin Its existence prmes in their 
opinion, the purely penphenc origin of the whole phenomenon in the 
mentioned test We, however, saw in this test the possibility of separating 
both active components the centrally caused after images and the 
penpherically caused sensation of a vertical rotation 

Moreover, dimes} experiences o! my otm seem to support my new 
I saw a boy with a cyst of the hypophysis who showed after the rotation 
test the after-nystagmus wth its contrary phases m an excessive and 
sinking manner, not comparable to the faintly visible phases of the after 
nystagmus in normal persons Because m this case the penphenc 
vestibular organ was normal this strange phenomenon proves m my 
opinion or makes it more probable that the phases of the after nystagmus 
are centrally caused — or at least centrally influenced The same holds 
true — as I beheve — for the phases of the sensation of rotation This 
and similar cases and their explanation lead me to new views about 
the vestibular organ itself ♦ 

The authors are nght in opposing the assumption of a central ongin 
of some phenomenon as long as all possibilities of its penphenc explana 
tion and origin are not excluded But, I must confess hard as i have' 
tried to find a penphenc explanation for these phenomena I found none 
and the attempt of Jongkees and Groen to do so does not convince me 

* E Wodak y4£/a Oiolar Ortettlaita u 
E Wodak Acta Otolaryngol StocUiolm xxxjv 1946 
F Wodak Praettea Oto rktno Lay ix 1947 
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H/EMORRHAGE FROM THE INTERNAL CAROTID ARTERY 
FOLLOWING PHARYNGEAL ABSCESSES 

By E. CARLYLE RICHARDSON (London) 

This article is written chiefly with a view to amplifying a subject which 
though rare, has been well witten up. By far the greater part of the witings 
on this subject have come from America. ' As the general picture of most of 
these cases conform to a definite pattern, only the new features of a case which 
came under my observation will be recorded. 

A female patient age 5 j was admitted to hospital with a retropharyngeal 
abscess. This was incised in the normal manner and the child subsequently 
discharged from hospital as cured. A month later she was readmitted to 
hospital with a history of profuse nasal bleeding. On examination no area 
from which the bleeding had occurred could be found. The examination 
of the throat showed some residual swelling but the mucous membrane over 
this swelling was of definitely healthy appearance. The swelling extended 
upward into the nasopharynx but did not extend downward. The swelling 
did not cross the mid-line. As the past histoiy was known and as the swelling 
was not marked, and as it was covered by normal mucosa, it was considered 
that the swelling was due to slight residual thickening following the retro- 
pharyngeal abscess. 

The child was put to bed and kept under observation for some weeks. 
During this second period in hospital no further bleeding occurred. The 
child was discharged and sent home. She was readmitted again in two months 
from the first date with a history of another nasal haemorrhage. The haemor- 
rhage had come on suddenly and was profuse. On admission to hospital, 
bleeding had stopped but the child was pale though her general condition was 
good. She was again put to bed and observed. No bleeding area could be 
found. A few days after admission the child had another sudden hasmorrhage 
and died before the doctor could get to her. A post-mortem examination 
revealed erosion of the internal carotid artery. 

The interesting feature of this case was the great lapse of time. Two 
months between the initial retrophar5mgeal abscess and the final fatal haemor- 
rhage. As far as I have been able to ascertain, there is no instance in any 
of the other reported cases of such a long lapse of time between factual diagnosis 
of an abscess and the final fatal hiemorrhage or for that matter the first hjemor- 
rhage. Havens {Amer. J. Dis. Child., Iviii) reported a case of a child, girl, 
age 6 who bad been " ailing ” for two months ; when he saw the child, bleeding 
had occurred 24 hours previously. It is fair to assume that this child had not 
had a retropharyngeal abscess for two months. This case also died and a post- 
mortem showed erosion of the carotid, high up on the post-pharyngeal wall. 
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The main features of this sjTnptom complex are the patients are usually 
children between the ages of z and lo. Most common around 5, although 
Insley reported a case in a patient 26 years old. The condition is uiost 
commonly preceded by a head cold, but it might also follow an attaclc of 
tonsillitis. There is very often present a cerancal adenitis and there may or 
may not be some cervical sv^lhng. Dysphagia is not infrequently present. 
Bleeding may occur before the patient is seen or may occur after surgical 
intervention. There is nothing to suggest that surgical intervention might 
cause the condition, although Lifshutz in analysing zr cases showed that 12 cases 
occurred after incision. In by far the majority of cases, there is an initial 
warning hjemorrhage. There is alwaj’s present in these cases a retropharyngeal 
abscess. It is right to point out here, that the Americans who have reported by 
far the greater number of cases, speak of a retropharyngeal abscess, a para- 
pharyngeal abscess and a peritonsillar abscess. There seem to be definite 
anatomical and pathological grounds for this classification. A few of the rarer 
features reported include Horner's syndrome {Insley, J Laryng and Oiol 
October i6th, 1944) bleeding from the auditory meatus (Richards, Ann. Oto. 
Laryng. i., 1221). As a general rule no area of hemorrhage or ulceration can 
be made out even after two or three attacks of hemorrhage. Clinical examina- 
tion generally only reveals the abscess which may or may not ha\ e been incised 
before bleeding has occurred. Sometimes when bleeding occurs into the tissues, 
a plum coloured mucosa is diagnostic. 

Diagnostic Points are : 

(а) Spontaneous hemorrhage which is so severe as to suggest that the 
bleeding has not occurred from a minor vessel. 

(б) \Miere the swelling does not completely subside after incision. 

(c) The presence of a hematoma as evidenced by a tense bra%vny ^nd 
plum coloured mucosa. 
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Increasing pain in the neck with local swelling and trismus especially 
after incision. 


{e} Presence of pulsation. 

If any one of these signs are present in a case of bleeding from the nose or throat 
in a case of pharyngeal abscess, erosion of one of the carotids should 
be suspected. 

The treatment of these cases is undoubtedly surgical, for more cases 
would end in death. The chart on the previous page is taken from Salinger and 
Pearlman, who collected over 227 cases. 

This shows most conclusively that the scales are heavilyf balanced against a 
patient who is denied operative interference. The chart becomes more impres- 
sive if put in the following way. 


Lived. Died. 

Treated by Surgery 47 26 

Not treated by Surgery ;... 36 119 

Before the question of which artery should be tied the following chart (Salinger 
and Pearlman) should be studied. It is a post-mortem analysis of those cases 
on which post-mortems were done. 
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Thus in 90 post-mortem cases the internal carotid was involved in 49 
cases. The external carotid in 4 cases. Other arteries in 14. The common 
carotid in 9. 

It should be pointed out here that the post-mortem analysisshowed that the 
main cause for jugular hremorrhage was cervical cellulitis following scarlet 
fever. 

Thus it would appear that in most of these cases it would be advisable to 
tie the internal carotid or if the abscess is relatively low in the pharynx the 
common carotid should be tied. The end result of operation in these cases is 
complete subsiding of s3miptoms with no residual haemiplegia. In one case 
reported by Pearlman a contralateral facial palsy and hemiplegia which was 
present before ojreration was cured by ligation of the common carotid. It JS 
possible that the age of these patients prevent the appearance of untoward 
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results that might occur in adults In a few of the reported cases, multiple 
ligations \\ere carried out Pearlman ligated the common carotid tuicc in one 
rase Richards ligated first the common carotid, but subsequently ligated the 
internal and the external carotid on the same case because of the reappearance 
of bleeding Both of these cases completely recovered The reason as to why 
the internal carotid is so very often involved is probably due to the local 
anatomy of the parapharyngeal and retropharyngeal spaces and to the fact 
that the internal carotid lies normally closer to the pharyngeal wall than the 
external carotid The internal carotid is often the site of aneurysmal 
dilatation and follows a tortuous course Schaffer, J Amer vied /Iss , 1921, 
described a case of fatal haemorrhage during tonsillectomy due to an abberrant 
internal carotid artery He claimed to know of three others Carmack in 
1929 reported five deaths which were presumably, due to the same cause Thus 
the position of this vessel, its tendency to tortuosity and aneurysmal dilatations 
renders it more liable to be affected 

The unsolved question is whether infection is blood borne or lymphatic 
Since most cases of cellulitis following scarlet fever end as hiemorrhage from 
internal jugular and as a blood borne infection (thrombophlebitis) is most likely 
to cause a jugular complication, it is probable that the mam cause is 
a lymphangitis which causes an adenitis of the glands lying along the carotid 
sheath It should be pointed out that the highest of these glands belong to the 
retropharyngeal group of lymph glands whereas the parapharyngeal space is 
occupied by glands found mote m relation to the external and common 
carotid It is possible that in these cases signs of carotid sheath involve- 
ment may be made manifest by pulse irregulation from vagal involvement and 
in the exceptional case of Horner's syndrome 

Conclusion 

(1) In cases of hiemorrhage following pharyngeal abscess the internal 
carotid is most often involved 

(2) The signs and symptoms are discussed 

(3) The question as to the pathology is raised 
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1 . Summary 

Subjects were exposed to blast from the firing of blank charges 
from a *303 rifle in the laboratory 

The results of these experiments together with those previously 
reported (1946) are discussed m relation to the followng problems 
(tf) Development of deafness with successive rounds 

(b) Variation in sensitivity m different subjects 

(c) Changes m sensitivity m one and the same subject 

(d) Effect of different rates of fire 
{e) Shape of the audiogram 

{/) Recovery curves 

(^) Onset of permanent deafness 


2. Introduction 

The work reported here is a continuation of that described in an 
earlier paper on the subject of deafness due to gunblast (Murray and Reid, 
1946) The present paper deals wth the results of experiments in the 
laboratory m uhich blast was produced by firing blank charges from a 
rifle and a consideration of certain aspects of these results and those 
reported m the previous paper, m greater detail 
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3. Laboratory Experiments 

Blast was produced in the laboratory by firing blank charges from a 
■ 303 rifle mounted in a vice. Twelve subjects of which only two (subjects ' 
G.R. and E.P.S.), had also been used in the survey reported in the last 
paper, were the experimental subjects in this series. Eight of the 
remaining ten were fourth-year medical students in the University of 
Sydney, and the other two were laboratory assistants. 

After a number of prehminary experiments with subject E.P.S., it 
was decided to expose the right ear of each subject at what is hereinafter 
called position A. In this position, the subject sat facing forwards in 
front of, and to the left of the rifle, with the tragus of the right ear nine 
inches to the left and three inches in front of the muzzle. This position 
enabled a reasonable degree of deafness to be produced with the firing of 
comparatively few rounds (about ten) in most of the subjects, and caused 
little or no effect when one or two rounds only, were fired. 

Other positions (referred to in the appendix) were used occasionally. 
In position B. the tragus was nine inches to the left of and ij inches in 
front of the muzzle ; in position D it was eight inches to the left of 
and four inches in front of the muzzle. 

These experiments made possible the comparison of the effects of 
similar exposures in different subjects, the variation in effect in the same 
subject when similar exposures were repeated, the effect of various rates 
of fire, and the development of deafness in relation to the number of rounds 
fired. ^ 

Observations : These consisted of an examination of the eardrums, 
a Rinne test and an audiometric examination before and after firing. 
Details are similar to those described in the previous paper. Where the 
term '' average hearing loss ” is used it represents the average loss of 
hearing over a band of four octaves from 512 to 8192 c.p.s. 

4. Results 

The blast pressure curve at position A, determined by means of a 
Piezo Gauge, and a cathode ray oscillograph, is illustrated in Fig. i. 
Compared %vith the blast wave photographs in Report No. 7, showing the 
blast waves from large guns it can be seen that in a given time there are a 
greater number of positive and negative pressure peaks, the wave shape 
resembling more closely that produced by the mortars. The peak 
pressure is of the order of 3-4 pounds to the square inch at position A. 
There was variation from one shot to another, but with exposures of 
ten or more rounds variation from one multiple exposure to another was 
ver}' small. 

The hearing losses of the subjects exposed to blast in the laboratory 
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Temporary Deafness following Exposure to Gunfire 

are set out in Table 2 in the appendix Unless otherwise indicated these 
measurements were made 10-15 minutes after exposure 

In the presentation of these results it is proposed to discuss them 
together with some of those in the preceding paper under the folloumg 
headings 

(n) Development of deafness with successive rounds 

(i) Vanation in sensitivity in different subjects 

(c) Changes m sensitivity m one and the same subject 

(d) Effect of varying the rate of fire 

(e) Frequencies involved 

{/) Recovery curves 

(g) Onset of permanent deafness 

Discussion or Results 

5 Development of Deafness with Successive Rounds 

The statement is frequently made by deafened gunners and has been 
stated in the literature (Passe, 1940), that the number of rounds does not 
seem to matter Rather, it is a single shot of unexpected seventy or one 
which catches the subject unawares, which causes the deafness during a 
shoot 

These expenments, however, make it clear that a round or a group 
of rounds either of which causes little or no damage to the subject m 
question, may cause a cumulative effect when repeated at suitable 
intervals 

Because each exposure to a smgle shot in a series was uncontrollably 
variable, m some of the expenments the blast produced by each shot 
was measured in a corresponding position on the other side of the gun so 
that anomalies (if any) m the results, might possibly be interpreted m 
terms of variation in the blast pressure to which the subject w as exposed 
However, as Fig 2 indicates, the average hearmg loss for each subject 
usually steadily increased (with slight fluctuations) as each round was 
fired until, with some subjects, further shots at the same mtervmls caused 
only slight further mcreases in deafness 

In the experiments used for making Fig 2 the subjects were exposed 
m position A, shots being fired at fifteen minute intervals and the audio- 
metne tests done betw'een ten and fifteen minutes after each shot 

Similar results to these were obtained when audiograms were taken 
after each group of ten rounds m a senes of fifty rounds to which R J J 
was exposed, and for G R , when smgle rounds were separated by five- 
minute intervals 

When we consider the development of deafness m terms of the 
individual frequencies involved it is found that sometimes the first effects 
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are recorded mainly at 9749 c.p.s., sometimes at 4096 or 5793 c.p.s. and 
sometimes in both these regions. As the number of rounds increased, the 
effect in these regions spread to involve frequencies above and below those 
initially affected. Not uncommonly, therefore, there was a lag of several 
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Fig. 2. 

Graph illustrating the eflect of number of rounds fired on the average hearing loss (from 
512 to 8192 C.P.S.) for 8 different ears in S experiments, firing at 15 minute intervals, 

position A. see text. 


shots before hearing loss became detectable in several frequencies. 
Fig. 3A shows this. This subject showed his initial loss at 9747 
until four shots had been fired did the loss at 8192 c.p.s. e.xceed 5 db. 
Deafness (20 db) was not detected at 512 until after the seventh shot. 
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The audiogram of this subject is shown in Fig. ye. It is interesting 
to note that after the period of lag, hearing in the various frequencies 
fell away very rapidly. Fig. 36 illustrates another manner in which 
deafness may develop with respect to the various frequencies. This 
subject showed the greatest initial loss at 4096 c.p.s., but all frequencies 
from 9747 'to 2048 were affected. As the number of rounds increased 
deafness increased both above and below the 4096 level and actually 
slightly more hearing loss was produced at 2048 than at 4096 c.p.s. 
The frequency of 1024 was not affected until nine shots had been fired. 
It is interesting to note, also, that after five or six rounds had been fired 
there was little or no further change in the peak loss which remained at 
about 60 db. The final audiogram of this subject after the twelve rounds 
is shown in Fig. yc. 

6. Variation in Sensitivity in Difierent Subjects 

It was apparent in the field survey and it has frequently been 
stated by gunners that there is a considerable range in the sensitivity to 
gunblast from one subject to another. A statement commonly made was 
expressed in words like this ; "I never or seldom wear ear plugs because 
the blast never seems to worry me.” While many who made this kind of 
statement did prove on examination to have been deafened, there were 
several who, to judge from their history had been equally exposed as had 
their deaf fellows, gave audiograms \vithin normal limits. 

The variation in sensitivity is much more clearly shown in the 
laboratory experiments where it was possible to control the exposure of 
eacli subject. Fig. 2 already referred to, illustrates this variation. In 
addition to the subjects whose records have been used in making this 
figure, there were others who were extraordinarily insensitive. For 
example, R.A.W., K.B., and R.J.J. (see Table 2), were scarcely affected 
by ten shots at ten-second intervals — each exposure being the first one for 
each man. P.W. was unaffected by a similar exposure, his fourth. 
Subject R.J.J. was unaffected by fifty rounds in groups of ten at five- 
second intervals with five-minute intervals between each group ; and 
J.A. was hardly affected by fifty rounds at ten-second intervals. These 
were the fifth and sixth exposures respectively for each of the subjects. 
The reason for indicating the number of previous exposures will appear 
later (section y). 

There was no evidence that the shape or size of the external auditory 
canal, or the position of the pinna relative to the head were important 
factors in causing the variation in sensitivity from one subject to another. 

A possible factor so far as gunners in the field are concerned, is the presence 
or absence of a plug of wax. The first experiment with J.A. recorded in 
Table 2 was made with his ear firmly plugged with wax. In the second 
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expenment this w as removed and there was an mcrease in susceptibility 
but the plug could not have been responsible for the slight sensitivity 
which continued to be shown by this subject 

Because of such variation m sensitivity, it has been suggested 
(e g Wilson 1942 1944) that after prehmmary testing, by exposure to 
pure tones or to noise susceptible subjects should be excluded from 
gunnery or occupations likely to damage hearing This would be very 
desirable as a long-range policy, particularly in industry where long 
continued exposure to noise is likely and when mefficient means of 
protection such as cotton wool is worn However the immediate 
practical solution is to provnde men with efficient plugs and to ensure that 
they are worn Exen if susceptible subjects were excluded, adequate 
ear protection would be still essential for those accepted 

The vanation m the attitude of artillery personnel to gunfire 
deafness may be mentioned here, because it is readily understandable 
that if a man is of a degree of sensitivity comparable with that represented 
by one of the upper curves of Fig 2, he naturally wall be inclmed to the 
X lexv that guns have little effect upon hearing and that those xvho complam 
make much ado about very little On the other hand, men who have been 
made deaf display usually great interest in measures for the prevention 
of gunfire deafness 

Table i 
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7. Variation in Sensitivity in one and the Same Subject 

A contributing factor to the variation in sensitivity among different 
subjects, is the fact that the hearing loss of a given individual may 
depend on his previous history of exposure to blast. Compare the two 
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Fig. 4. 

Graph illustrating the effect of number of rounds fired on the average hearing loss (from 
512 to 8192 c.p.s.) for 2 different ears, each at 2 different times, firing at j5-mmute inter\^ls, 

position (A), see text. 


curv'es for each of the subjects B.S.C. and P.W. in Fig. 4, the senes of 
curves in Fig. 5, and the data in Table i. In Table i are set out the 
hearing losses sustained by a number of subjects shovdng the average 
hearing losses produced in relation to the chronological order of exposure. 
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There was, as pointed out already, vanation in the blast pressure 
from one round to another, but when the effect of groups of several 
rounds is being compared on different occasions, the variation in the 
exposure becomes quite small Variation m the response of the individual 
when the same exposures were repeated is to be expected Nevertheless, 
for any particular kind of exposure only one subject (H C B see Table i) 
exhibited as great a degree of hearing loss on subsequent exposure as on 
the first occasion There was, for this subject, an interval of about 
five months between each exposure AH other subjects showed less 
hearing loss on subsequent exposure to the same set of conditions 

This decrease in sensitivity affected mainly the lower frequencies 
of those involved (usually 1024 and 2048 c p s ) but higher frequencies 
also became resistant Generally this decrease in sensitivity was most 
marked between the first two although usuaUy continued with subsequent 
exposures in a senes These facts are illustrated by examining the series 
of figures in Table i for the subjects BSC,PW,RjJ CLF,CW, 
and K R Fig 5 shows the audiograms of the first three of these subjects 
In this lUustration the losses are represented relative to the audiometer 
zero , by so doing it is made clear that the decrease m hearing loss is not 
merely an expression of a nse in the pre-exposure threshold (i e residual 
deafness) 

The nature of this alteration in susceptibility is unknown It may 
be due, on the one hand, to the extent to which subjects can, m anticipation 
of the blast, learn to voluntarily contract their mtra-aural muscles, or on 
the other hand it may be due to a “ toughening ' of the basilar membrane 
associated possibly with an increase in the intercellular substance 
(Compare the development of thick skin on the soles of the feet ) Time 
and the availability of subjects did not permit further expenments , a 
clue as to its nature may have been obtained by determining whether the 
repeated exposure of one ear resulted m decreased susceptibility of the 
other If this were so, it would exclude the second of the alternatives 
suggested above 

Whatever may be the explanation it may also be the basis of the 
variation m susceptibility between different subjects, described in the 
previous section This basis need not, of course, have been produced by 
previous exposure, but may represent the person to person variation m 
the structure and function of the ear For example, at least two subjects, 
RAW and KB who were very msensitive the first time they were 
exposed, gave no indication of previous trauma or experience with guns, 
likely to have produced this insensitivity 

8. Effect of Varying- the Rate of Fire 
(a) Verx Rapid Rates 

When the observations reported in the previous paper were made 
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on the effect on heanng of the finng of small arras, the impression w as 
formed that the rifle was m causing deafness, more effective than the 
machine gun 

Because of this, four subjects uere exposed to twenty eight rounds 
from a Bren gun on two occasions, on the first the rate of fire being 
approximately 500 per minute and on the second shots were fired everj 
ten to twenty seconds One subject, was insensitive to either rate, but 
with the other three, the slower rate was much more effective m causing 
loss of hearing than when the twenty eight rounds were fired m a single 
burst These observations are shown in Fig 6 

A possible explanation of this result is as follosvs the period 
from the onset of a sound to the maximal response of the intra aural 
reflex is about thirty milliseconds The duration of the blast impulse 
from a single shot is less than this (see Tig i) This means that the ear is 
unprotected by the reflex when one shot is fired and when shots arc 
repeated at sufficiently long intervals, each shot causes an impulse which 
reaches an unprotected ear On the other hand with verj rapid rates of 
fire as obtained with a burst from a machine gun the first impulse sets 
off the mtra aural reflex which gives some protection from those which 
rapidly follow We do not know how long the mtra aural muscles ma> 
remain contracted following exposure to blast pressure of this order 
Contraction probably lasts as long as the interval between the rapidlj 
fired shots (i e , 120 miUisec ) 

In contrast to these results Davis el al (OSRD 889) who expected 
that repeated interruption of a given amount of a pure tone might render 
It more effective in producing hearing loss, obtained results contrary to 
this expectation They found that interruption of a given amount of 
sound at 140 db (at rates from one m ten seconds to four per second) so 
as to spread it over double the total time slightly reduces or else does not 
materiall} alter its effectiveness in producing hearing loss Sometimes 
evidence of labynnthine stimulation was greater with the interrupted tone 

It IS possible that an increase in hearing loss due to interruptions 
lasting a few seconds appears only when the total time of stimulation is 
very short and the pressure variation at the ear is of the order of a few 
pounds per square inch, such as occurs with gunblast and does not 
appear when the duration of the sound is of the order of a few minutes and 
the pressure variation is that which would be represented bj 140 db 

(b) Modebately Rapid and Slow Rates 

Since a number of rounds is more effective in causing a loss of 
hearmg than a single one, it is to be expected that if the interval between 
rounds is sufficiently enlarged the effect should be minimal, and equivalent 
• to the effect of one round This is. m fact, similar to what happens when 
in the course of these experiments exposures are repeated at interv als of 
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EFFECT OF RATE OF FIRE. 




FRBaUENCY C.p^S. FuESiUENCr c.p.s. 




Frequency c.p.s. Frequency, cp.s. 


Fig. 6. 

Graphs illustrating the difierence in the deafness produced after exposure to 28 rounds of 
Bren .303 fired rapidly (approximately 500/Tnin.) and after exposure to 28 rounds fired at 
intervals of from 10 to 20 seconds. The former is shown by broken lines, and the latter by 
full lines respectively. For figures i, 2 and 3 the test was made 10 to 20 minutes after 
completion of exposure, and for figure 4, 2 to 7 minutes after. 

1. Subject D.G. Left ear. 2. Subject G.R. Left ear. 

3. Subject Miss A.M.L. Right ear. 4. Subject J.M. Right ear. 

Pre-exposure thresholds are represented by the horizontal full lines through O db. 
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one or several days It would be expected also, that as the interval 
between rounds decreases from its value at this minimal level, the effect 
on heanng should increase as the time of finng of each round encroaches 
more and more into the penod of recovery' from the one precedmg it 

With this in mmd, observations were made to compare the effect 
of trauma repeated at intervals of 5-15 mmutes with that of similar trauma 
repeated at 5-10 second intervals 

The results of the experiments are set out in Table i and some of 
them are illustrated m Fig 5 Generallv' spealong, for the frequencies of 
4096 and abov'e, the more rapid rate produced a greater degree of deafness 
than did the slower rate For frequencies below this, decrease in sensiti- 
vitv made the interpretation of the results difficult For example, the 
unexpected impression was obtained that, compared with the rapid rate, 
the slow rate of fire produced its mam effect m the frequency range 2048- 
4096 c p s , producing a notched tyqie of audiogram On further expen 
mentation it was realized that this had been the case only when the 
'lower rate was presented first and on continuing to present the two sorts 
of exposure altematn el) this kmd of difference disappeared Unfortun 
ately some of the subjects in whom it was mtended to rev'erse the order 
prov ed rather insensitiv e 

It was shown (Sect 5) that man) subjects m the development 
of deafness with successive rounds, develop at some stage a notched 
audiogram It is not unreasonable to consider that as the rate of stimula- 
tion IS mcreased then frequencies, which are less vulnerable and which 
Of^manlyrean^m the mten’ah between stimsh, become more noticeably 
affected It wall also be shown later that the lower frequencies recover 
much more rapidly than the higher so that wrth slower rates of fire one 
would not have expected the mam effect to extend to 2048 rather than 
to 8192 c p s On the other hand it is the lower frequencies which show 
moat markedl) a decrease in susceptibility with subsequent exposures 

In new of these facts the notchmg produced by the slower rate 
of fire extending in some subjects to involve lower frequencies more 
markedly than occurred vnth the rapid rate, must be regarded as fortui- 
tous ffTien one takes mto consideration decrease in susceptibility, it can 
be stated that a greater effect is produced wath a more rapid rate of fire 
(unless that rate is so rapid that the ear is protected from the succession 
of stimuli b) the mtra aural reflex) 


9 . Frequencies Involved 

XU t)pes of gunfire affect predommanti) the higher frequencies 
There is no consistent difference between the shape of the audiogram after 
exposure to the guns which produce a " boom " and after exposure to 
the guns which produce a sharp ' crack ' The difference in the shapes 
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Fig, 7. 

Audiograms of subjects showng temporary deafness after exposure to gunfire. 





Temporary Deafness following Exposure to Gunfire 

which were observed depend on the individual rather than on the gun. 
Each subject tended to reproduce the same general shape of audiogram 
i when exposures were repeated, although there were some exceptions to 
1 this rule. 

I Most of the shapes which may be met with are illustrated in Fig. 7, 
I but reference may be made to any of the other figures in this or the 
, previous paper when the nc.\'t paragraph is read. In Fig. 7 the losses are 
! represented relative to the audiometer threshold , this has been done in 
I order to facilitate comparison with the audiograms in Fig. 8, of men 
I suffering from permanent deafness 

j Usually there is a loss beginning at 512, 1024, 2048, or higher c.p.s., 
and extending with progresstveiy increasing hss into the higher frequencies 
as in Figs ye and 7/ The loss of hearing may increase rapidly to about 
its ma.ximum over one octave as in ya , sometimes it begms very abruptly 
indeed as m Fig yb Quite commonly this increase in threshold, progress- 
ing as the frequency increases, is interrupted at about the region of 8192 
* c.p s where it is slightly lower than at say, 4096 c p.s When this 
I interruption is more pronounced distinct notchmg is produced which may 
' be wade or narrow with the maximum loss at 2048, 4096 or 5793 but most 
I commonly about 4096 c p s Here the frequencies above the " notch ” 
are unaffected or only slightly so , still higher, at 9747 c p s., it is quite 
j common to have a further falling away (see Fig yc and other figures in 
this and the previous paper) 

' ft is interestmg to note that all the forms of audiograms met with 
m the experiments on temporary deafness were represented m a survey 
0/ artillery personnel, far the incidence of permanent deafness. This is 
1 illustrated by Figs 7 and 8 In the preparation of the figures, audiograms 
‘ of subjects reported in the previous paper have been chosen in order to 

{ represent, as far as possible, the various types of audiograms. 

In the figures of other workers who e.xposed subjects to noise, 
sometimes there is notching of the audiograms and sometimes there 
IS a continuous loss in the upper frequencies. It appears that there is 
no shape of audiogram which can be regarded as characteristic of the 
effects of gunblast as distmct from the effects of noise or the effects 0 
senility 

\ It IS probable that the curve in Fig. ya represents a more sev 
form of the condition expressed by the curve in Fig. yc Neverth 
the differences m the shape of audiograms in general cannot be interp 
simplv m terms_ of the seventy of the e.\’posure , individual diff 
iJat a big part llTiere it was possible to watch the devefo 
|eafness by takmg audiograms after each round or group in 
ta- seen with mcreasmg deafness there was a spread into the 
wer frequencies from the regions mitially affected, resulti 
c or other of the types of curve seen in Figs, ya, yb, yd 
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h. 



d. 




LEFT EAF. RIGHT EAR 

Fig. 8. 

(n) Bdr. Billmgs, age 26. In artillery 4* years in Middle East. Crete and Greece. 
In gun crew for 18 Pr., 25 Pr., and 4-5 ' How. In last i* years has been at proof range 
{6) Bdr. V. V. Heuston, age 23. In artillery for 3 years, mainly with 6 Pr. and 

2 Pr. Tank-attack guns. 

(c) Ckpt. R. M. Hoskins, age 32. In artillery for 4 years ; 2 years since he has 
been in a guncrew position. Mainly 6' coast guns and coast guns. 

(d) Gunner'^A. Hampton, age 20. In artillery for zl years. For 2 years has been at 

V a proof range. 

le) Major Tyson, age 34. Connected with artillerj- for 16 years, but extensively m 
last 4 years in the latter li of which be has been at a proof range. Has worn earplugs 

onlj' in last 6 months. 

(/) Sgt. Withers, age 27. In A. A. batteiy for 3 years with 3', 3- 7' guns. 
Audiograms of 6 subjects with permanent gunfire deafness. 
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when the highest frequencies (Sig2 or 9747 c.p.s.) were the first 
the final audiogram which resulted was usuallj' one or other of 
j seen in Figs. 7J, 7^, 7/ and occasionally yn. Not uncommonly 
jency to be initially affected was not the one which showed 
ly the greatest hearing loss, a frequency involved later in the 
nent of the deafness " overtaking ” it (e.g., see Fig. 3B.) 

f frequency 



AUDIOGRAM- AT VARYING PERIODS 

\ 

AFTER EXPOSURE TO 17 PDF.. T/FA GUN 

\ WITH muzzle drake 

* Fig g 

10 . Recovery 

■ig. 9 shows the complete audiograms for subject G R at various 
after e.xposure to seven rounds in four minutes of the ly Pr. tank 
'un with muzzle brake. Fig. 10 illustrates the rate of recovery 
627 




G. Reid 


of the indMdual frequencies for the same experiment. Time has been 
plotted on a logarithmic scale. In Figs, ii and 12 the average hearing 
loss for the range from 512 to S192 has been plotted against the time after 
exposure on a logarithmic scale, in Fig. ii for various exposures of subject 
G.R. and in Fig. 12 for various subjects. 

HOURS 


./ -2 -4 -s -S l-O 2 4 6 8 /0 20 40 70 /OO 200 400 



Recovery curves of individual frequencies for subject G.R. 
after 7 rounds of 17 Pr. T/A Gun. 

The time of recovery is shortest in the lower frequencies, and longest 
in the higher. \Mien the deafness is as severe as that shotvn in Fig. 9 > 
is usuall5' a lag of several hours before recovery commences in the upper 
frequencies. Occasionally the deafness increased in severity after 
exposure before recoverj’^ commenced. This is tvell exemplified after the 
exposure of the right ear of subject G.R, to fifteen rounds fired from the 
rifle in position A. In this instance there was a loss, at 2048 c.p.s. of 5 
after fifteen minutes, but after three hours it had increased to 45 db. \iTien 
the maximum loss occurred some time after fifteen minutes, it is indicated 
in Table i b3’ the figures in parentheses below the values at fifteen minutes. 

Figs. 10, II and 12 indicate that once recovery sets in its rate follows 
a roughl}'^ exponential cuiA’^e. 
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The last frequency to recover was usually either 9747, or in the 
region of 4096 to 5793 c p s Not infrequently m the final stages of 
recovery two small gaps could be seen, one at 4096 and the other at 9747 
c p s (see upper curve in Fig 8) The last frequency to recover in the 
expenment of Fig 9, was 9747 c p s and it had reached 5 db of the pre 
exposure level seven days after the exposure Complete recovery of 
subject C \V after the exposure on 15 8 44 (see Table i) did not take place 
for eleven days, and that of subject K R on the 18 8 44 (see Table 2) 
did not take place for fourteen days 


nouns 



— — -♦ 

29-5-44 

L«f4 ear , ft rJs of 3 7 A A gun 

4— — + 

17-6-44 

Left ear , 20 rds of fS Pr yun m emp/ace/nenf 

X 

2! -6~44 

Atghf ear, lo rds of 92 m Coast ffun 

A A 

6-7-44 

Ceff oar , JO rds of Shorf 2S Pr ffon 

□ D 

2S-6-4f 

ear, 7 rJs of t7 Pr ffon 


Fig II 

Recovery cur\es of average hearing loss over range 512 8192 cps for subject GR 

Usually audiograms showing peak losses of the order 30 or 40 db 
recovered in 24 to 48 hours, and losses of the order of 2odb commonly 
recovered in a few hours and sometimes within one hour Fig i in the 
previous paper shows a number of audiograms i hour and 15-23 hours after 
exposure 
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; Date 

Details 

Pos. 

128 
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1 0 
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® 

i 

40 
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i 

4 P 


• Initial pemianent loss greater tban 30 db below audioioeter irro 
t I hour later 
j 3 hours later 


In follovssng recovery curves the impression was sometimes 
formed that certain frequencies passed through a phase of hypersensitivity 
before settling dorvn to the pre-exposure level 

11. Onset of Permanent Deafness 

The study of recovery curves leads naturally to a consideration of 
the mode of onset of permanent deafness No serious permanent loss of 
hearing was produced as a result of these exposures , but uith subject 
E P S , after an exposure resulting in a peak loss of 40 db the 4096 c p s 
range was still unrecovered twenty days after exposure Usually in this 
subject a loss of this order recovered in less than two days Recovery 
in both the 4096 and 9747 c p s ranges occurred at about the same rate 
and was complete in about the same time, sometimes the one and some- 
times the other bemg the last to recover On this occasion after the las 
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exposure recorded in Table i, recovery commenced in the usual lya}', 
the losses at various intervals after exposure being as follows 
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after twenty days there was still a loss of 20 db. at 4096 c.p.s. Unfor- 
tunately the subject has not been available to continue test, but two 
months after exposure he considered that his hearing had not returned. 
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Fig. 12. 

Recovery cur\-cs of hearing loss over range 512-8192 c.p.s., after exposure to b\anh rounds 

trom rifle, position A. 
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It IS interesting to note that this consideral^le lag in recovery did not 
follow a particular!} severe initial deafness, but dunng the thirteen days 
before the exposure under consideration he was subjected to seven 
exposures of the same or less seventy, from each of which recovery 
occurred This number of expenments was never made in so short a time 
with other subjects The unfoieseen result m this instance possibly 
throws some light on the development of permanent deafness Although 
it IS clear from the storj told by deafened patients and from the results 
reported in the earlier paper (subject N E M ), that one extremely severe 
exposure may result in permanent damage this work indicates that it 
ma} also result from an exposure which in the past has led to deafness wnth 
recover} , if insults be sufficient!} often repeated Further evidence on 
this matter is, naturallv lacking 
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CLINICAL RECORD 


MASTOID ASYMMETRY AND INNER-EAR DEAFNESS : 

AN UNUSUAL CASE 

By NOmiAN A. PUNT, R.A.M.C. 

Private H. D,, aged rg ye 3 .Ts, stated that 8 months before admission he 
received a blow behind the right ear, possibly with a*rifie-butt, which he thought 
caused unconsciousness for about half-an-hour. Next day he complained of 
pains behind the ear and noticed some swelling in that region. He doubted 
whether the ear discharged. 

Six weeks later he was admitted to a military hospital ; according to the 
case-notes the pain and swelling (which had previously subsided) recurred and 
fluctuation was elicited. The tyunpanic membrane and hearing were noted as 
normal. 

Three days later the notes state that " he had a sensation of something 
giving way in post-aural region and since then had no pain ; swelling over 
mastoid smaller, less red and not tender.” 

Thirteen days later he was discharged fit for duty the swelling having 
” practically subsided ". 

His complaint when he came under my care (that is eight months after the 
injxiry) was of a swelling behind the ear, “ tooth-ache ” type of pains inter- 
mittently in that region and deafness in that ear. He had no headaches, 
tinnitus or vertigo. He associated his symptoms with the accident and stated 
that he had never had ear symptoms before, nor a swelling behind the ear. The 
deafness, he was conrdnced, was caused by the blow ; it was variable at first 
but became of constant degree. There was no history of any other trauma or 
illness. 

Of! Examination. He appeared to be a fit man of average physique and 
intelligence and his pulse and temperature remained within normal limits. 

His right pinna was displaced forwards by a post-auricular swelling 
apparently due to an expansion of the %vhoIe mastoid process, which was 
considerably larger than its fellow. The skin and subcutaneous tissues felt 
and looked normal ; there was no abnormal heat, redness or tenderness com- 
pared with the opposite side and the enlarged process felt bony hard (Fig. r). 

The external auditory meati appeared normal, that of the right being of 
slightly larger calibre than the left. The drumheads were intact and appeared 
normal and were mobile on using Siegle's speculum. 

Hearing Tests. 

Wfliisper voice R. 6 inches, L. 15 ft. (normal under conditions of testing). 

Weber (C 256 & 512) lateralized s- L. 

Rinne’s (C 256 & 512) positive R and L. 

Air conduction (C 256 & 512) some definite diminution on R. 
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Air Conduction (C 4096) considerable diminution on R 
Absolute Bone Conduction (C 256 & 512) some definite diminution on R 
Labyrinth Test’: Calonc tests showed both labynnths to be functioning 
Apparatus for more precise hearing and labynnth tests was not available, but 
the above findings seemed conclusively to show a severe right inner-ear type of 
deafness Cranial nerves other than the nght auditory, including the facials, 
appeared to be normal and his pupils were equal and reacted normally to light 
The Kahn test was negative 

X-ray Films (Figs 2, 3 and 4) These showed the nght mastoid bone to 
be considerably larger than the left Both mastoids were of the cellular type 
and the cell-outlines and density appeared normal and equal on the two sides 
No fracture-hne could be seen, but this was not regarded as evidence that 
fracture had not occurred 

SuJIMARV AND CONCLUSIONS 

A youth presented himself eight months after receiving a severe blow 
behind the nght ear He was found to have a marked enlargement of the 
mastoid bone and severe inner-ear deaftiess of that side 

It seems possible that the mastoid asymmetry was of developmental 
ongin and that he had not previously been aware of it (the early traumatic 
swelling being due to a soft tissue injury), and that the deafness was due 
to cochlear or acoustic nerve trauma , alternative suggestions or reports of 
similar cases would be of interest 


K. B. Bellwood 

One ear, for instance, may have a tinnitus of a different pitch or quality from 
that of the other. “ Crackling ” noises are not classed as tinnitus by some, and 
they are produced by clonus of the intratympanic muscles, or fibrillations in 
them, or are the result of bubbles. The movement of an effusion will produce 
peculiar sensations or noises, or may deaden, or alter, temporarily, a true 
tinnitus already present. It is in the hyperplastic stage that these manifesta- 
tions are most commonly encountered. 

The deafness in subacute catarrh is greatly relieved by inflation, but rapidly 
returns. If the infection in the nose is dealt with, and regular inflation through 
the tube carried out, the catarrh passes away completely, and little or no 
residual change remains, and hearing restored. In the hyperplastic condition 
the deafness is very definite and inflation gives only a moderate improvement 
in the hearing, which passes off quite soon. If the eustachian catheter is used 
the air entry sound is rough and often in the earlier type of case, there may be 
muffled bubbling rales, and these are most persistent. It is this sort of case 
which requires m3n:ingotomy, followed by daily inflation with the catheter, 
provision being made by a suitably angled incision to maintain an opening for 
several days. Removal of the effusion by suction with a Weber’s intratympanic 
catheter often fails owing to the glutinous nature of the material. A course of 
potassium iodide will usually help to liquefy these effusions. 

In the chronic dry otitis media, the intensity of the tinnitus and its dis- 
tressing and complex character in the older cases, is well known . The pitch of the 
sound goes higher than ever, while the deafness varies a great deal, but is 
worse than in the earlier forms already described. Inflation gives no relief 
whatever as regards the deafness, and the tinnitus may be made worse rather 
than better. Treatment of this state is disappointing. 

Tuning fork and audiometer tests show pure middle-ear deafness in the 
subacute otitis media. In the next stage, a loss of bone conduction becomes 
evident in some cases, and the deafness has a “ mixed ” character ; the '' nerve ” 
element in the earlier cases is not marked, and if they are successfully treated 
in the usual way, this nerve deafness has an interesting way of disappearing. 
This probably means that the loss of bone conduction is not due to a true 
cochlear loss of acuity, but in some way caused by “ damping ” brought about 
by indurations affecting the round or oval windows. 

In the chronic dry cases the deafness has a true “ mi.xed ” nature, and the 
loss of bone conduction very marked. 

A method of treatment 

This method finds its most useful application in the treatment of tinnitus. 
WTien the condition of the nose has been brought to the healthiest state possible, 
and proper ventilation established, and effusions cleared, and still the results are 
not indicative of satisfactory resolution, then the following method 
has a definite field of application. The local treatment advocated here, 
is based on an older method applied in a new way. It consists in the 
insufflation per tubam of a solution under fairly considerable pressure ; this is 
necessary to distribute the substance thoroughly in the passages. A powerful 
pump is required for the purpose, giving controlled pressures up to one atmos- 
phere. The pre-war type of Atmozon pump is used, the usual pumps at 
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i 

t f)resent used for spraying are for the most part too ^\eak for most of the cases 
j ^he Politzer bag is clumsy and rather difficult to handle 

{Details of Method 

j The nose is sprayed with 4 per cent cocaine, and then a curved wool carrier, 
mounted and soaked in a little 10 per cent cocaine, is earned back along the 
floor of the nose to engage in the tubal orifice, where it is allowed to remain 
for a few seconds A suitable catheter is now chosen and passed into the tubal 
opening, and the pump union connected up, and sufficient pressure applied to 
get a satisfactory air entry through the tube, as heard in the auscultation tube 
The pump connection is now removed and 5 to 6 minims of an argyrol-glycenn 
solution introduced into the catheter with a pipette 
E Argyrol gr 20 
Glycenn 3V 
Aq dest ad 51 

The nozzle from the pump is now re connected, and the catheter held steady 
in the tube while the pressure is rapidly raised to a point where the solution is 
heard toenterthe drum with bubbhngnoises, the amount of pressure being regu- 
lated according to sounds heard in the auscultation tube The rales gradually 
dimmish as the fluid is scattered There is a sharp but not severe pain m the 
ear, which soon passes into a slight ache, disappeanng in half an hour Where 
there is unduly severe pain, intratympanic adhesions have been tom, and a 
small hypodermic of morphia is needed In apprehensive and first cases 
premedication on these lines is desirable 

The catheter is now withdrawn and the membrana tympani inspected with a 
magnifying otoscope , a thick black line along the handle of the malleus should 
be seen, and usually a dark patch in the postenor segment these signs denote a 
good distribution of the solution Where there are thin areas in the membrane, 
a perfectly correct pressure may rupture them, but such accidents are not 
harmful except in that the distnbution of the glycerin is impaired The 
perforations heal quite ^\ell 

The co-operation of the patient is essential, as the procedure is not pleasant, 
but with good preparation and patience, he need be subjected to no serious 
pain 

An ordinary course of treatment consists of four insufflations at intervals 
of from two to four weeks, in each case 

The intervals are adjusted to the degree of reaction in the tympanum , 
for several days aftei^vards the membrane is hypercemic the dark solution 
disappears in two to three days A second course or maintenance repeats may 
be given after an interval of several months where circumstances require it 

This treatment is most valuable in the hyperplastic stage In the subacute 
cases insufflation on these lines is rarely necessary since ventilation and 
elimination of infection are all that is necessary to get a good result The 
dehydration and hyperjemia induced by the solution is very efficacious in 
removing exudates and oedema, and in thus preventing later adhesions and 
fibrosis 

The method gives excellent results in the treatment of tinnitus in the hyper- 
plastic cases, some perseverance is needed with those cases which have a 
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longer historj*. and are, perhaps, approaching the interstitial change in greater 
degree. 

The hearing is also improved in these cases : the effect is quicker and better 
than with inflation alone. 

With long standing cases of chronic dr}^ catarrh the results are usuallj' 
disappointing, but one occasionally gets a surprisingly good improvement in the 
hearing as well as in the tinnitus. The method is well worth a trial in those cases 
of severe tinnitus, as relief can be obtained with this symptom even if the 
hearing is unaffected. 

Analysing the last hundred cases treated by this method over the last few 
years, the results are as follows ; 


Chr. Dry Catarrh 

.. 76 

Tinnitus relieved 

.. “21 

•3 

Deafness relieved 

, . 12 

Chr. Hyperplastic Catarrii 

24 

Tinnitus relieved 
Tinnitus cured 
Deafness relieved 

. . 12 

-.. 9 

.. 17 
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SOCIETIES’ PROCEEDINGS 

THE SCOTTISH OTOLOGICAL AND LARYNGOLOGICAL SOCIETY 

The Fiity First Meeting oi the Society, held in the Ear, Hose anA 
Throat Department of the Royal Infirmary, Edinburgh, 
November 23rd, 1946. 

President Mr R P Mathers (Dundee) 

Gongemtal Short (Esophagus with Thoracic Stomach 
By F T LAND 

This bnef communication is based on an investigation into the incidence 
of the interesting condition commonly referred to as congenital short oesophagus* 
which IS being earned out at the Glasgow Western Infirmary I am indebtec^ 
to my collaborators. Dr J B. Rennie of the Department of Medicine, anc^ 
Dr S D Scott Park, the Radiologist, for permission to refer to data which w^ 
intend soon to publish, and to Dr Gavin Young, under whose care many of th^ 
patients have been 

During the last fifteen to twenty years, the occurrence of this abnormality 
has been noted and recorded with increasing frequency On surveying th^ 
hospital records of cases of dysphagia for a period of nine years, we hav^ 
eucouuteted thirty-seven, instances Iti thirty at these ^ diaj^nosis seemed wel^ 
established and charactenstic X ray appearances were found In the remain' 
mg seven, which occurred mainly m the earlier part of the period, the diagnosis 
seemed very probable, but the patients could not be followed up for further 
investigation Peptic ulceration in the oesophagus is a frequent accompaniment 
and indeed it occurs rarely in the absence of short oesophagus with thoraci^ 
stomach 

In our series the sexes were almost equally affected The age at onset 
of symptoms was two to three times more often over than under forty Pepti^ 
ulcer at the lower end of the oesophagus with associated spasm accounts for th® 
characteristic symptoms Pam was a complaint in tvvo-thirds of our cases It 
is usually felt at the lower end of the sternum at the time of swallowng, but 
may recur later when the patient bends or lies down, a feature which is 
diagnostic importance The pain may radiate to the inter scapular region, an<I 
more rarely, down the left arm It is as a rule readily relieved by alkali^ 
The aggravation of pain on bending or on lying down is explained by mcom' 
pctence of the abnormally situated cardia which allows regurgitation of aci^ 
gastric contents into the oesophagus with consequent ulceration and spasm 
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Ulceration is sometimes attributed to acid secretion from islets of ectopic gastric 
mucosa in the oesophagus. It is interesting to note that peptic ulcer in the 
stomach or duodenum maj' co-exist : in four of our cases a duodenal ulcer 
was also present. Hiematemesis occurred in nine cases and was a first and only 
sjTnptom in three. Dysphagia was present in the majority, and in three cases 
occurred for the first time soon after gastro-enterostomy. I have recent!}' seen 
another instance of this. 

The condition may readily be missed if screening is carried out only in 
the upright position. The examination should be made in the supine or in the 
Trendelenburg position, and if the patient is instructed to bear down or if 
the abdomen is compressed, the supra-diaphragmatic pouch will distend. Out- 
lining of the gastric rugae by the barium in the thoracic part of the stomach 
is a valuable diagnostic feature. The existence of an ulcer can sometimes be 
demonstrated radiologically. There is generally spasm immediately above it 
which may temporarily obscure it at ossophagoscopy. The broad outline of the 
flow of barium into the gastric pouch contrasts with the trickle through the 
cardia in achalasia. 

Confusion with carcinoma is possible, particularly if the appropriate 
radiological technique to demonstrate this abnormality has not been employed. 
A few of the earlier cases in our series were not at first recognized, and were 
treated by radio-therapy. An active peptic ulcer or the scar of the healed 
one may be seen at oesophagoscopy, and biopsy revealing the presence of gastric 
mucosa is confirmator}'. 

In two of our cases adeno-carcinoma had developed in the thoracic stomach. 
There are very few records of this occurrence. 

The etiology of short oesophagus with thoracic stomach requires further 
elucidation. That it is a congenital lesion is indeed not conclusively established. 
The usual age at onset of s}Tuptoms does seem to throw doubt on its probability, 
although the condition has been recognized by Brown Kelly and others in 
infancy and earl}- childhood. Johnston has suggested that fibrosis and spasm 
secondarj' to ulceration result in shortening, a portion of the cardiac end of the 
stomach being pulled up into the thorax. It is true that the lower end of the 
(vsophagus enjoys considerable freedom of movement in the diaphragmatic 
hiatus, but apart from other considerations, e.g., the occurrence of the condition 
in the apparent absence of ulcers or endoscopic evidence of fibrosis, it is hard to 
believe as Hurst argues, that limited fibrosis should result in longitudinal 
contraction of a mobile oesophagus rather than in stenosis and fixation by 
surrounding adhesions. 

It has been suggested that the condition is a sliding hernia and that 
the fundamental lesion is laxity of the diaphragmatic hiatus. Favouring this 
explanation is the usual age at onset, the occasional occurrence of symptoms 
following abdominal operation, and the fact that the presence of a thoracic 
stomach is quite rarely noted at autopsy, even in cases where its existence has 
been clearly demonstrated during life. 

In this short paper I have not attempted to do more than to indicate the 
incidence of this abnormality and to summarize its principal features, but I 
liope that what I have said may form a useful basis for discussion. 

The paper was illustrated by lantern slides of X-ray films and diagrams. 
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Short GBsophagus "with Thoracic Stomach 
B> DR TOM O now IE 

There are two tjpes — 

(1) Congenital These may be dnided into two groups — 

[а) Those diagnosed early Thej' are seen in children and both se\es 
are represented 

(б) Those diagnosed late Those occur in adults, and usually become 
manifest after forty years of age Females are mainly affected, 
and there maj^ be some connection here w’lth endocrine disorders 
I notice that this differs from Dr Land’s senes of cases m which 
male and female are represented almost equally 

Body types In the earl}' cases it is usually found m children of the asthenic, 
thin type, while the late congenital cases show m the broad, pyknic t5q)e of 
patient 

(2) Presumed acquired This is still theoretical and requires to be worked 
out by investigation 

It differs from post-traumatic and post operate e displacement of the 
lower end of the oesophagus The changes may be due to a reflex from intra-' 
abdominal pathology, e g , liver, gall bladder, pehuc tumours and ovanan cysts, 
pointing to a neurogenic diskinesis from abdominal reaction betw’een the para^ 
and vagal- sympathetic co ordination It is usually symptomless, and is only 
tovLwd itL tadiQgca.’phvc e\anw.waUQi\ at the cesopha^s , awd only %wea dyspha^a 
in the late stages It is sometimes seen in systematic disease due to neuro' 
enteric disfunction leading to shortening and epidiaphragmatic herniation 
This may be found in scleroderma acroparcesthesia and acrocyanosis . In these 
cases the functions of the cervical sympathetic system are often upset 

The important point which is not often enough stressed is that pseudo-- 
angina, 1 e cardiac effort syndrome without cardiological evidence of disease 
may be caused by a short cesophagus or an epidiaphragmatic hernia with 
thoracic stomach 

Examination of cases with pseudo angina ha\e shown these conditions in 
from 15 20 per cent 

Dr Blum. Assistant Radiologist at the Victona Infirmary, has been 
particularly interested in this condition He has examined about 4,000 cases 
during the past three years from this angle, and in slightly o\er i per cent has 
found some pathological condition of the lower oesophagus, excluding carcinoma, 
aclialasia and benign stnetures He found forty cases of frank short cesophagus 
of congenital or acquired tjq)® Of these he considered 20 per cent were 
acquired, while 80 per cent represented the congenital group This excludes 
para-cesophageal and traumatic diaphragmatic hernias, and cases of gastrec- 
tomy which showed some post-operative oesophageal shortening Of the 
congenital type 16 per cent of cases occurred in children below twel\e >ears of 
age Evidence of incarceration and ulceration is uncommon, only two ca«:t-S 
being definite!} established Carcinoma was found in the thoracic stomach in 
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one case. I shall return to this shortlj’. None of these findings occurred in any 
of the “ presumed acquired " cases. 

He stresses that this condition of short oesophagus should be looked for in 
cases with abdominal complaints, and in neurological conditions where para- 
and vagal-s5nnpathetic sj'stems may be in disfunction and diskinetic, since this 
often shows in other organs, for example, the ureter, gall bladder and colon. 
There may be some similar disturbance in the mega syndrome, as it affects 
the colon and oesophagus. All cardiac conditions with angina unexplained by a 
cardiological examination should also be investigated from this point of view. 

I would just like to mention a case which I saw with Mr. Mailer in the 
Victoria Infirmarj-. He has been good enough to allow me to discuss it here, 
since he hopes to publish it more fully later. 

The particular interest of this patient, from our point of view, is that she 
had a condition diagnosed radiological^ as a para-cesophageal hernia. On 
16.4.46 Mr. JIailer dosed the hiatal hernia, and had a little trouble in retaining 
the stomach in the abdominal cavity. The patient was troubled thereafter 
with considerable flatulence and vomiting. Further radiological e.xamination 
showed that the hernia appeared to have recurred, and it was definitely stated 
that there were no signs of shortening of the oesophagus. On 5.6.46 I examined 
her by oesophagoscopy. The oesophagoscope passed easily to 31 cm. The 
gullet wall was slightly atonic and sodden. The displaced cardia was discovered 
reacting nonnally at 31 cm. from the upper teeth. It was slightly patulous. 
The fore-stomach was entered just below the cardia and a few polypoid growths 
were noted. Biopsy' was taken from them, and gastric mucosa was easily 
recognized below this area. 

The patient was considered to be suffering from a short oesophagus, about 
5 to 6 cm. less than normal. Her vomiting was unlikely to be due to the 
difficulty, of food entering the fore-stomach, and was more likely to be caused by' 
the operative narrowing of the hiatus in the diaphragm. The pathological 
report on the biopsy showed that the tissue represented a mucoid adeno- 
carcinoma from the thoracic stomach. On 28.6.46 Mr. Mailer by a trans- 
thoracic approach found an indurated growth involving the thoracic stomach 
and the lower end of the cesophagus. It was slightly' adherent to the neighbour- 
ing structures. He was able to break down these adhesions and brought up the 
stomach through the diaphragmatic opening by enlarging the hiatus in the 
diaphragm. He resected the growth and carried out an anastomosis between 
the cesophagus and the stomach. The patient made a slow but steady recovery', 
and is now eating a normal diet. 

This case first illustrates the importance of an cesophagoscopic examination 
before completing the diagnosis of short oesophagus or para-oesophageal hernia, 
and second, it holds out some hope for cases of carcinoma in the lower inch or 
two of the cesophagus, which, in the past, we have been unable to help ^’ery 
effectively'. 

Dr. I. SiMSOX H.'VLL : Four Cases Illustrating Results in the 7 reatment of 
Otosclerosis by the Fenestration Operation. 

(i) J. R. Operation 1.7.38. Pre-operative audiometer chart is not 
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available as the hospital did not possess one at that date This operation was 
done vMfh a hand lens and scraper 

(2) Mrs M Fenestration operation 12739 right ear Right ear was 
the worse of the two but is now the ear relied upon entirely This case is 
classed as a failure for statistical purposes, but illustrates very well the fact 
that this operation ma\ arrest the progress of deafness although improvement 
IS not obtained 

(3) RH, fEt 22 Fenestration operation 1845 right ear Present 
condition audiometer charts 

(4) ]\Iiss J B Bilateral fenestration operation — right ear 2S 11 45, left 
ear 9 10 46 This patient suffered a facial paralysis after the first operation, 
which cleared up in about ten weeks 

Discussion 

Dr SiMSOV Hall said that the cases which he had showTi had been selected 
out of a very large number in order to show results of the operation in vanous 
t3^es of cases, and one in particular, to show that even although improvement 
has not been obtained arrest of the deafness was achieved 

Dr Martin had raised an interesting point in quoting two cases which 
improved in hearing after a diagnosis of otosclerosis had been made but he 
(Dr Hall) was in agreement with Albert Gray that the diagnosis of otosclerosis 
IS never a certainty until the specimen has been examined under a microscope, 
and therefore he thought that the cases quoted by Dr Martin were not 
otosclerotics at all 

The question of the most suitable type for operation was difficult to state 
briefly Dr Hall certamlj' does not recommend too hasty a decision to operate 
A patient showing a marked loss of the upper tones is definitely not a case for 
fenestration He also recommended that only when one is satisfied that a 
patient is approaching the point of social disability should one decide to do the 
fenestration operation Tins of course, applied mainly to the younger groups 
such as the case of the young man shown that afternoon This young lad was 
up against it economically He could not attend his classes and thereby finish 
his training but the operation had allowed him to regain his heanng and thus 
finish his training If he had been left alone the heanng might have returned 
m part after a period of vears but what good would that have been to him ^ 
By then he would have left the Unu'Crsity and gone into some work where his 
deafness would not be a disability In the younger patient fenestration was 
the answer when deafness was a social disability In the older patient Dr Half 
could not giv e an\ rules as to w hich patient should have the operation and w Inch 
should not 

l^Ir Venters said he would like to congratulate Dr Simson Hall This 
question of fenestration was becoming a social difficult} Wiat with the 
Reader s Digest and the Sunda} papers he had one or two patients a week asking 
him about the advisability of the operation and the question would arise as 
to who was going to do this v\ork It was time consuming both as regards 
training and the actual time of the operation 

The first case he had had done by Dr Hall was a }oung girl of 20 who 

645 



Societies’ Proceedings 

simply could not converse at all. She led an isolated life, working as a copying 
tjT^ist, and riding horses as a recreation to get away from people. She was 
becoming introspective and difficult. The operation had been performed and was 
a hundred per cent, successful. She had nursed throughout the war ; there 
had been no difficulty with her training and she was now a lady almoner in 
London. 

Dr. Ritchie Paterson said he would like to add his congratulations to 
Dr. Hall. It so happened he had seen the lad of 22 man}^ years ago and the5' 
had recognized each other this afternoon. The patient had told him what a 
difference the operation had made in his life and he could well believe this as 
when he had seen the boy in the Glasgow Ear, Rose and Throat Hospital he 
had been very deaf. When he saw the boy this afternoon he thought it a pity 
there had not been an audiometer available similar to the one in use in the 
Infirmary, Edinburgh. If any one present at the Meeting had the ears of the 
Ministry of Health, he wondered if it would be possible for such a person to 
suggest making audiometers all of one pattern for hospital use. If the audio- 
meters were of a universal pattern and calibration, it would be possible to inter- 
change graphs of the patients. He (Dr. Ritchie Paterson) used a 2 B.E. 
audiometer and found it had not sufficient intensity for very deaf patients who 
might require operation. The question of otosclerosis was one which had given 
considerable difficulty. Some people think that otosclerosis can improve 
through a reversible process though most people think this is not the case. He 
remembered asking the late Dr. D. Greig Grant, after a lecture on bone disease, 
if he thought the bone disease known as otosclerosis might improve on its own 
and he seemed to think a reversible process might take place. If one thinks of 
an operation in which a fenestration operation is not made — a mastoid operation 
where decongestion of the parts takes place so that there is a change in nutrition 
of the labyrinth from fresh blood — ^would this cause any change in hearing ? 
One is conversant mth the chronic suppurative otitis media who has a mixed 
middle- and inner-ear deafness as well which show improvement after the 
removal of the mastoid bone rvithout touching the middle-ear structure. It 
seems that the subject is a very interesting one. 

Recently Dr. Ritchie Paterson had seen a patient with a new type of 
deafness. This patient had taken large doses of Vitamin Bi over a period 
of six months. One j^ear later he came to Dr. Ritchie Paterson complaining of 
deafness of the nen'e t}q)e. The patient was a doctor and could not hear 
through a stethoscope. After some questioning, he remembered taking large 
doses of Vitamin Bi on account of neuritis. Dr. Ritchie Paterson suggested 
he should go away and take large doses of Vitamin Bi for two weeks. When he 
returned the deafness had disappeared and the hearing was back to normal. 

Dr. R, Scott Stevenson said that as regards the treatment of otosclerosis 
he was still inclined to say to try lip-reading and a hearing-aid ; but if the 
patient would not learn lip-reading — and manj' adults found it difficult and 
could not bear a hearing-aid, he certainly recommended the fenestration 
operation, from which he had seen a number of remarkably good results, as 
well as some failures. Contrary to a general impression, he had found at his 
hearing-aid clinic in London, b}^ careful testing by voice and audiometer, that 
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the hearing of most deaf patients using a heanng-aid improved and did not 
deteriorate 

Dr Brownlie Smith said there was no doubt, as Dr Hall had shown, that 
the operation could bring back the patient s heanng and, in suitable cases, this 
improvement in the hearing could be retained The difficulty was in the selec- 
tion of the cases and he was particularly interested in Case No 3 The 
operation had been done m 1938 and now the ear which had been operated npon 
was regarded by the patient as the better ear although it was probably the 
worse ear at the time On the other hand, the audiometer chart showed no 
marked deterioration in the heanng of the opposite ear so that it would appear 
the disease was not \erj' progressive He himself had recently seen a patient 
on whom he had performed the operation m 1937, and had reopened the 
fistula a jear later When examined some months ago the ear on which the 
operation had been performed was again the worse ear although there had been 
\ery marked improvement at the time It did not always follow that the ear 
on which the fenestration operation had been earned out remained the better 
ear 

Three Cases Illustrating Problems in Laryngeal Reconstruction 

(i) E McA Complete stenosis of larynx Cause — cellulitis of the n^ck, 
followed by perichondritis of the neck, tracheotomy and complete occlusioii of 
the ainvay 

9446 — Operation laryngofissure Excision of scar tissue m the sub 
glottic region and insertion of skin graft on a sponge rubber mould Fourteen 
days later mould removed and acrylic resin obturator inserted Present 
condition 

(z) Mrs A A Bilateral abductor paralysis treated by McCall Gardiner 
modification of ” fCing ■' operation 

1942 Thyroidectomy followed by bilateral abductor paralysis necessitat- 
ing tracheotomy 

17 3 44 Operation 
22 3 44 Tracheotomy tube removed 
8 5 44 Tracheotomy opening closed by pedicle flap 
(3) Mrs R For companson with above Bilateral abductor paralysis 
treated by the anterior transplant method 

Discussion 

Dr Ritchie Paterson said he was very interested in these cases He had 
operated on one case where following on a thyroid operation there had beeii a 
bilateral paresis Two similar cases he had seen had been treated Wjth 
graduated metal bolts from the tracheotomy opening These had been left 
in position for a week or two and then removed In one case an inflammation 
had been set up with a local cellulitis in the sub glottic area, but the end result 
of the case had been very good because after a period of seven years the voice w as 
good and the patient very well 

Series oj Four Cases Illustrating the use of Penicillin in Acute Frontal Sinusitis 
(i) Miss A A W , admitted 21 4 45 History — severe left frontal headache 
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three weeks : painful swelling over left upper ej^elid one week. X-ray sliou-ed 
opacity of both frontal sinuses and dubious erosion posterior wall right frontal. 
Catheters inserted into both frontal sinuses by small incisions externally 
L.P.— C.S.F. turbid. 

Penicillin — I.M. drip 100,000 units in 24 hours. Local 2,000 units 4 hourly. 

Culture — Staph, aureus. 

30.4.45. Tubes removes^ washes sterile ; C.S.F. 4 cells per c.mrn., but 
very slight papillcedema noted. 

I3-5-45- Slight left facial paralysis, and increase of papillcedema. 

t5-5'45- Operation — Mr. Dott. Obliteration of frontal sinuses and 
removal of frontal osteitis. Penicillin resumed systemically and locally. 

30.5.45. Operation — Mr. Alexander. Frontal lobe abscesses drained. 

18.7.45. Wound healed. Penicillin — systemic 200,000 units ; local 
312,000 units. 

24.9.46. Frontal acrylic plate inserted. 

(2) J.W., 14. Severe frontal headache and vomiting, four days. On 
admission complete closure of left eye with oedema. 

Operation. — Intranasal drainage of left ethmoid. Left intranasal antros- 
tomy. 

Culture — Staph, aureus. 

Sulphadiazine in full doses. 

20.5.44. Operation. — External ethmoidal drainage, on account of 
spreading frontal oedema. Small catheter inserted into frontal sinus through 
trephine opening. Pus in frontal sinus. 

21.5.44. Sulphadiazine stopped and penicillin commenced systemically 
and locally. 

5.6.44. Wound healed': nose clean. It is to be noted that improvement 
had commenced before penicillin was started, but penicillin was given to test 
the possibility of clearing up a pus filled sinus without radical measures. 

Penicillin — local, 10,000 units 4 hourly. Systemic 90,000 units 24 hourl}^ 

(3) D.L., set. 12. Admitted 21.8.45. Acute frontal sinusitis with cedema 
over the sinuses spreading up towards the hair line. 

Operation. — Small incisions over the inner canthus and small tube inserted 
into the sinuses. 

Four-hourtyinstillation of 10,000 units penicillin. 

Completely cleared up and discharged from hospital 21.9.45. 

(4) J.C., set. 18. Admitted 22.2.46 for right Schwartze for sub-acute otitis 
media (Dr. Smith). 

12.3.46. Discharged to Convalescent Home. 

18.3.46. Readmitted with swelling above left eye and frontal headache ; 
T. 103°. 

19.3.46. Left frontal sinus drained externall3^ and tube for penicillin 
inserted — 10,000 units 4 hourly' : sj'stemic, 90,000 units daily. 

Bacteriology — hemolytic streptococcus. 

X-ray showed opacity frontal and maxillary sinuses. 

8.4.46. Operation. — Double radical frontal (Dr. Sugar), rendered neces- 
sary because of discharging sinus and spreading osteomyelitis. An extradural 
abscess was found behind the right frontal sinus. 
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11.4.46. Paresis of the left hand. C.S.F. 600 cells. 

12.4.46. Extensive frontal craniectomy (Dr. Alexander). Extra- and 
sub-dural abscesses drained. C.S.F. 600 cells per c.mm. 

Penicillin continued, local and general, also sulphamezathine given. 

24.4.46. Further temporal and parietal craniectomy required to open and 
drain abscesses. 

14.6.46. Discharged : all wounds healed. Only neurological abnormality 
is slight exaggeration of reflexes in left lower limb. 


Discussion 

Dr. Lumsden said the Society was indebted to Dr. Simson Hall for showing 
these cases. He had been particularly interested m the bacteriological findings : 
in two there had been a staphylococcus aureus and in one a h£emolytic strepto- 
coccus. In 1943, Williams and Nichols of the Mayo Clinic [Proc. Staff Mceiings 
Mayo Clinic, 1943, xviii, 467) reported two cases of spreading osteomyelitis 
of the frontal bone treated with penicillin. Anaerobic streptococci had beeh 
found in the spreading edge of the lesion, while staphylococcus aureus may also 
be present in the older suppurating area. The staphylococcus aureus was 
rarely responsible for the spreading type. This had come to his notice when he 
had under his care a Flying Officer with spreading osteomyelitis of the frontal 
bone. This patient had received sulphadiazine from the early stage {250 
grams). After ten days he had performed a frontal obliteration and extensive 
bone' removal. The culture had given staphylococcus aureus. The condition 
progressed. Two and a half weeks later there was a further removal of bone 
with e.xposure of dura. Four weeks later still, there was involvement of the 
parietal bone and the patient was in very poor condition. At this time, 
anaerobic culture gave a growth of fi?emolytic streptococci, sufphonami'crev 
resistant but penicillin sensitive. The patient was given two million si.\ 
hundred thousand units of penicillin and there was marked improvement 24 
hours after commencement and an uneventful recovery thereafter {Jour, 
Laryng and Oiol., 1945, lx, 108). It was desirable to have anaerobic culturci; 
done in these cases. 

Dr. Henderson had had one experience of this condition, when culture 
from the pus in the sinuses showed streptococci, from the bone staphylococci^ 
while in the extra-dural abscess there was luemolytic streptococci. 

X-rays of Patients shoiving Osteoma of Sphenoidal Sinus. 

Severe headache of vascular type, and commencing changes in the left 
eye, compelled operative interference. Tumour was approached by the trans-. 
septal pituitary route (Mr. Norman Dott), but access was insufficient, especially 
for the left sphenoid. 

Approach was then made through the right ethmoid (I S.H.), crossing thfr 
skull, and the tumour was successfully remov^ed. 

The tumour was mixed cartilage and bone, and is reported by Col. Harvej* 
(R.C.P. Lab.) as basically malignant in character. Patient at present is well 
and at work and is to have a course of deep X-ray treatment. Slides shown. 
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Discussion 

Dr. J, P. Stewart asked if there was anything abnormal in the naso- 
pharjmx, because the X-ray rather suggested something in the floor of the 
sphenoid. 

Dr. Hall replied that there was no abnormality in the nasopharynx, 
The symptoms were those of headaches 'and e3'e symptoms due to pressure, but 
no other symptom was present. 

Dr. A. B. SsiiTH. — Exhibit 

Radiographs of a case of Gradenigo’s sjmdrome treated bjr Frenckner’s 
method. (Approach to the petrous tip obtained by route through the nucleus 
of the superior semicircular canal.) Patient alive. 

No discussion. 

Case of Hcemangeioma of Palate. 

Patient reported with a vascular swelling of soft palate. Treated uith 
insertion of Radium Needles, 9 mgrs., for two days. The condition shows little 
if anj', change. 

No discussion. 

Case of Leishmaniasis. 

Patient has served in Forces in Southern Ital}' and Iraq and reported to the 
E.N.T. Department on March 6th, ig46, when he had ulceration of the anterior 
part of the nasal cavity, involving the septum and the right inferior turbinal. 
There was also a reddish indurated area on the right cheek. X-ray of sinuses 
showed membrane thickening of the right antrum. A piece of tissue was 
removed from the gums and from the nasal cavity and sent for pathological 
examination. This was diagnosed as almost certainly tuberculosis. Wasser- 
mann and Kahn tests were negative and swab from the gums produced a 
growth of yeasts ^vith a few diphtheroids and staphjdococci. 

As the condition did not appear clinically to be of the nature of tuberCulosis, 
further pieces were removed and again reported as showing tuberculous 
infection. 

Patient was referred to the Skin Department, where the condition was 
diagnosed as one of Leishmaniasis and the Leishman-Donovan bodies were 
found in scrapings from the area affected. Treatment by X-ray therapj' was 
commenced in the Skin Department. 

No discussion. 

Case of Tuberculous Rhinitis. 

Patient reported first on August 28ih, 1945, wth crusting on both sides of 
the nose, some atrophy and granulations appearing on the left inferior turbinal. 

A piece of tissue, removed for pathological examination, showed the condition 
to be one of tuberculous rhinitis. Patient was treated with diathermy on 
November I5ih, ig45, and the condition progressed. 

On April 24th, ig46, she was started on large doses of Calciferol, 150,000 
■units dailjL The condition has now improved very markedl}' and we have been 
able to reduce the dose. 
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Discussion 

Mr John Gerry said he was very interested in this case as they had been 
using Calciferol for lupus cases and the results had been verj" encouraging 
The dose they had been using was up to 150,000 units a day The blood should 
be examined every two months He had been speaking to Dr Anderson, the 
skin specialist, who thought the results very good In certain cases they had 
been using it for tuberculosis and in some quarters he believed it had been used 
for bone and joint tuberculosis Personally he was always careful about any 
toxic effect The first sign of this was usually that the patient had a feeling of 
being out of sorts but no actual sickness This was followed m a short time by 
violent vomiting and hyper calcaemia The only contra indication to the 
treatment was if the patient showed any arteriosclerotic changes or any 
cardiac disease All the cases in Aberdeen had done very well on calciferol 

Dr J P Stewart — Aa/^^ Suppurative Oiiits Media and Mastoiditis (R), 
Manifest Diffuse Labyrinthitis Meningitis Recovery 

R W , cet 15 Historj^ of discharging right ear for ten da5^s, and deafness 
Had an operation on the right mastoid elev en j ears ago has been treated w ith 
M 5 . B 

18 12 45 On examination thick pus present m the nght external meatus 
central perforation no bulging of mastoid scar 

19 12 45 Reopening of Schvvartze mastoid operation (R) pus found in 
group of ceils m tip lateral sinus exposed and found healthy wound stitched 

201245 Nystagmus present and vomiting temperature 104®, pulse 
120 Patient is delirious neck rigidity present Kemig positive nil in 
discs Lumbar puncture — fluid slightly turbid pressure 230 m m , cell 
count 800 per cm , a number of polymorphs and some lymphocytes seen 

No growth obtained on culture Diagnosis of manifest diffuse labyrinthitis 
and meningitis 

Wound reopened and radical mastoid operation performed Neumann’s 
labyrinth operation, combined with West and Scott s trans labynnthme 
drainage for the C S F M^ire dram inserted into the cranium and good flow 
of CSF established Wound left open and patient put on intravenous and 
intrathecal penicillin, and sulphathiazole orally Facial paresis noted on 
the right side 

Progress — The CSF continued to drain freely and lumbar puncture on 
30 12 45 showed a cell count of 60 per cm — cells chiefly polymorph 

2 1 46 Wire dram removed and wound stitched up Operation cavuty 
granulating up well and clean 

24 1 46 Postenor wound healed and patient discharged to conv'alescence 

12 9 46 Granulation tissue still present in mastoid operation cavity 
Conservative treatment 


Discussion 

Mr Venters said he had been frankly distressed by this case He was 
under the impression that the West-Scott operation was somewhat obsolete 
Since the advent of the suiphonamides he had seen fiv e cases of chronic suppura- 
tive otitis media with suppurative lab}ainthitis and circumscnbed meningitis 
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Of these five cases, two showed h<-cmolytic streptococci in the cerebrospinal 
fluid and in the other three the fluid was sterile. In four cases he had carried 
out an ordinarj' radical mastoid operation with a labjTinthotomj^ — the Hinsberg 
operation — together rvith intensive sulphonamide chemotherapy. These four 
cases made an uneventful recovery. 

Two weeks ago he had seen a patient wdth a historj? of a discharging ear 
for forty years. Clinical examination showed a suppurative lab3Tinthitis with 
circumscribed meningitis and the patient was so ill that no detailed e.xamination 
could be carried out. He had done a radical mastoid operation, but had not 
completed the Hinsberg. The patient was given sulphonamide and penicillin. 
The operation had been done without waiting for the result of the examination 
of the cerebrospinal fluid. The fluid was opalescent and under pressure but 
the bacteriological examination proved negative. To his astonishment the 
following day the patient was sitting up in bed reading the newspaper, and he 
made an uneventful recovery. 

In the light of these cases it would appear that the somewhat destructive 
operation, with little hope of pre^'enting a facial paralysis, was rather unjustified. 

Dr. Hall said he wondered if Dr. Stewart had not his tongue in his cheek 
when he produced this case. With the coming of penicillin we would have to 
reorientate ourselves as to the treatment of this condition. In the past we had 
been used to doing a labyrinthotomy or trans-labyrinthine drainage as a last 
hope, but we would have to give up this tj^e of surgery and treat the patients 
with the more hopeful method of chemotherapy. In this way we might 
succeed in preser\dng function which this type of operation destroyed. 

Dr. Brownlie Smith said that the proof of the pudding was surely in the 
eating and it could not be said that the treatment was VTong when the patient 
M'as alive to-day after a very serious and dangerous illness. But he still 
wondered wh}^ Dr. Stewart had performed trans-labyrinthine drainage and had 
not treated the patient by penicillin and the sulpha drugs without opening 
into the meninges. 

.Dr. Stewart, in repl}^, said he had shown this case in the hope of stimulat- 
ing a discussion, and it would appear he had succeeded. He performed the 
West and Scott operation for drainage of the labyrinth in this case as he 
considered it the most efficient treatment where meningitis followed a lab3Tinth 
suppuration. In the past this operation, when carried out in this type of case, 
yielded ver3'^ successful results, provided it was undertaken earl3f enough, 
though one was apt to get a facial paresis follovung it. He was sure that the 
patient would rather live with such a disadvantage than take the risk of death 
with his face straight, and in an3' case the functions of the lab3Tinth would be 
destro3’’ed by disease so one could hardly call it a mutilating operation. 

'in repty to Dr. Hall : Neumann’s operation is not obsolete in this countr3’ 
but it is performed less often than Hinsberg’s operation, possibl3' because it is 
a more difficult and intricate one to perform ; far from being more liable to 
injure the facial nerve, it is quite the opposite as one. is working farther away 
from this nerv'e than in a Hinsberg operation. The continuous drainage 
relieves the headache and as the cerebrospinal fluid under tension retards the 
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natural functions of the brain, these too are permitted to function more 
normally He personally thought continuous flow of cerebrospinal fluid 
gave better results than intermittent drainage 

Osteoclastoma m Association with Paget's Disease of the Left Ethmoid Bone 

Mrs E B , Kt 66, complained of deafness of many years duration, dis- 
charging ears dunng childhood, nasal obstruction for the past three years She 
had a polypoid growth removed from the nose in 1943 — reported on as a giant 
cell tumour growth Eight years ago had a fracture of the left femur, when 
Paget’s disease was diagnosed The circumference of the head has greatly 
increased, especially in the temporal region Si\ months ago swelling was 
noticed over the left malar bone 

17 1046 On examination there was a polypus like growth blocking the 
left nostril which was hard m consistence A healed scar was present m each 
drumhead and a middle-ear type of deafness was present 

X-ray report owing to Paget's disease it is impossible to obtain satis- 
factory views of the sinuses The nght antrum appears clear but the left is 
opaque There zs opacity of tlie postenor ethmoidal cells on the left side A 
film of the pelvis confirmed the presence of an advanced degree of Paget’s 
disease Films of the chest showed chronic bronchitic changes 

23 10 46 Cherry coloured growth, very firm in consistence, removed from 
tJie left side of the nose The growth extended into the ethmoidal bone 
Report on the microscopical examination of tissue removed at operation 
states that the features are those of Paget’s disease complicated by a giant 
cell tumour or osteoclastoma 

X-ray plates and microscopical section of grow th on view 
No discussion 
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Otology in School Children and Child Welfare 

By H. V. Forster (Liverpool) 

Those about to undertake the practice of Otology at the request of a local 
Education Authority will find special interest in the work of the late Dr. Kerr 
Love (1919) ^ past President of this Section. This is a record of three years’ 
work in the treatment of ear disease, undertaken for the Glasgow School Board 
between the years 1912 and 1915. It is, to quote the author’s words : " Essen- 
tially an essay on the Prevention of Deafness. Before the ink is well dried on its 
pages a Jlinistry of Health may be at work and it is the WTiter’s wish that the 
progress of the new service will be such as soon to render the teaching of the 
book out-of-date. 

Kerr Lov'e was also asked for his advice on the treatment of ear disease in the 
schools under the control of the Secondary Education Committee of the county 
of Dumbarton, though the chief object of the Committee was to have cases of 
tonsils and adenoids treated by operation. My own work in Lancashire in the 
year 1919 was also started by a request to perform these operations and many 
others, no doubt, have had the same, experience. We all have probably given 
the same answer, namely that we should be offered facilities to examine the 
candidates for such operations and discuss their indications, at the same time 
recording our observations on the condition of the ears, nose and throat. 

I was well aware at the time that many operations were being done in this 
country upon the palatine and respiratory tonsils of school children for which 
the Ministry of Education had already granted certain facilities. Alison 
Glover (1938, Proc. R. Soc. Med., xxxi, 1,219) reminds us that the number of 
tonsillectomies officially recorded in public elementary school children for the 
year 1919 were for London, 11,817 for England and Wales, 42,004. 

Has this development in the practice of otolaryngology in school children 
gone far enough ? Has ear disease been satisfactorily treated in the young ? 

A world war has descended upon us again laying bare the defects in our 
armour. The medical boards of the Ministry of Labour and National Service 
have been and still are busy examining the youth of the country, and send to the 
otologist for his opinion the many cases of ear disease so often unconsciously 
tolerated and neglected by these young people no longer under the care of a 
school medical serrdce. 

Professor Canfield of Harvard (1945) showed an admirable colour film of the 
management of consultations in otolarjmgology in a children’s clinic in America. 
That, to me, was an example of how the work should be arranged. In my own, 
examinations are made in the presence of the parent or some responsible deputy 
who is questioned in simple language about the child’s complaints. In one clinic 
the school medical officer is also present. The form originally designed b}' Kerr 
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Love makes a useful case sheet and, when completed, a permanent record to 
be filed and consulted again 

In their examination and treatment, the diseases of the outer ear do not call 
for special comment But certain difficulties of management anse. as, for 
example, the case of keratosis obturans by no means uncommon in children 
The study of the disturbances of the epithelial lining of the external auditory 
canal is our particular field of dermatology, but it is of importance also to us as 
surgeons for it leads to a better understanding of the behaviour of the epithelial 
covering which we hope will mv'ade our operation cavities those cavities of the 
hindmost end of the middle ear cleft laid open by radical or modified radical 
operations in the surgical treatment of chronic suppurativ^e disease 

The Prevention of Deafness 

In the prevention of deafness it is fortunate that syphilis m the future parent 
IS better treated nowadays and we begin to understand how german measles 
infecting the pregnant mother may damage the auditory organ in the feetus, but 
until the problem of the early development of otosclerosis has been solved it is 
in the treatment of suppuration and the so called catarrhal conditions of the 
middle ear system where so much can be done for the young 

In case taking one finds many parents are deaf and m suppurative middle- 
ear disease I have seen repeatedly quite striking examples of a hereditary 
tendency 

There is some encouragement from the intermittent nature of childhood 
deafness, because we feel more hopeful of eventual recovery Mother Nature, 
unaided, can do so much or we should find the hard of heanng more often in the 
adult population Some years ago in Esthonia E Sarreste (1935) earned out 
researches in 1,366 pupils of schools in the city of Tartu The ages vaned 
from 7 to 20 years He concluded that catarrhal otitjs media diminishes with 
the age of the pupils and in the majonty of children over 13 years of age there is 
less and less hope of improving the heanng. whereas below 13 years the greater 
number get well either spontaneously or as a result of rational treatment 

It IS obvious that we must examine with specialist thoroughness the oro- 
pharynx nose and post-nasal space and at once we are brought face to face with 
the tonsil problem 

Of the exact physiological significance of the palatine tonsils we remain 
uncertain Schlemmer has insisted that they are an integral part of the 
pharyngeal lining and serve no separate functions Glimstedt showed how the 
so called germ centres, absent at birth, develop thereafter as a reaction to 
invasion from the outside world, and to Grossmann and Waldapfel (1926) we 
owe an understanding of what goes on in these centres during acute tonsillitis 
Policed as they are during health by mononuclear cells, they are entered in times 
of acute bacterial invasion by the poI)morphonuclear leucocyte in the pursuit 
of organisms To destroy these organisms or prevent their development we 
now have the assistance of the sulpha group of drugs but on the other hand we 
know that they may curtail the recruitment of the granular leucocyte 

Torsten Skoog {1936) provides an attractive answer suggesting the theorj' 
that the lymphadenoid tissue of the pharynx has a sensitizing effect on the 
reticulo endothelial system of the body. 
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Wliat I should like to know is to what extent the palatine tonsil influences the 
health of the middle-ear cleft. Considerable hypertrophy, presumabl}'’ inter- 
feres with its proper r^entilation though moderate enlargement rhay not. We 
know that acute tonsillitis as part of an acute inflammation of the pharjmgeal 
lining is sometimes associated with acute otitis media. Perhaps I am concerned 
with the fear that indiscriminate removal will do harm. 

I do not like the term chronic tonsillitis for it may be argued biologically that 
it is a normal process but there will be no disagreement that removal of the 
palatine tonsil regardless of its size cures that disease named most suitably by 
Continental \vriters — " tonsillitis with free intervals ” and with brilliant results 
in the health of the child. 

The examination of the nasopharynx in children is difficult but a trial with 
the post-nasal mirror in every case gives excellent practice and many successes 
and I have given up long ago the digital examination of the post-nasal space 
in children except under general ansesthesia. 

It will be agreed that in infections of tlie middle ear and interference with 
its proper ventilation, the hypertrophied and diseased respiratory tonsil of 
Luschka should be removed surgically. There are, however, numerous conditions 
within the nasal passages of children which do not benefit materially from this 
operation and one of these is allergic or vasomotor rhinitis which is by no means 
uncommon. It is sometimes associated with secretory otitis. 

Some years ago Proetz (1931) described acute allergic middle-ear attacks 
difficult to distinguish from the early stage of acute suppurative otitis media and 
Koch (1946) recently published a cytological study of middle-ear secretions in 
which he discusses the so-called eosinophil chronic otites. There has been a call 
to our British Association of Oto-Lar3mgologists for closer co-operation between 
the pediatricians and ourselves. I should especiallj’- welcome their help in the 
solution of the problem of the so-called catarrhs including catarrhal middle-ear 
deafness which is not to be dismissed as one of essential eustachian obstruction. 

Blegvad (1931) once asked the question ; “ Is it necessary to maintain as an 
independent malady the occlusion of the eustachian tube ? " a question discussed 
later by Holmgren (1931) when describing his experimental research on its 
function. War has added interest to the problem because of aviation pressure 
deafness, a subject which has been introduced here by Simpson and discussed in 
detail by McGibbon (1942) and I understand that treatment by radiation has 
now been used to relieve it. I have no experience of radium or radon therapy 
as applied to the nasopharynx in the middle-ear deafness of children in the 
manner of Crowe and Guild (1938). The well-tried manoeuvre of inflation by 
Politzer’s method gives brilliant if temporary relief in catarrhal otitis. Gone for 
a while is the depression of the drumhead and that strange grey translucent 
picture lightly coloured by a pink reflex from the tympanic wall. Some children 
are remarkably courageous to inflation but others are alarmed, perhaps there are 
members here to-day with memories of this experience in their own childhood 
and I have already remarked how fortunate we are that Nature atone does so 
much to relieve the growing child of his disability, but now and again we 
meet a striking case of the resistant eustachian tube. I have in mind a bo}’’ 
of 7 years, his right ear successfully ventilated b}^ Politzer’s method in November 
1930, but later without success. In JanuarJ^ i 939 ' retired at last from the 
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unequal contest which had included several insertions of the Weber Led intra 
tympanic tube and one temporanly successful paracentesis During those 
ears reluctantly disturbing the peace of liis school holidays I had repeatedly 
observed a collection of fluid in his middle ear Such difficulties recall to me 
a discussion opened here by Mollison (1934) 

A depressing variety of middle ear deafness is one where in spite of rational 
medical surgical treatment to the nose and nasophar5mx the child remains 
deaf The middle ear ventilates well and one cannot recognize through the 
^ drumhead any retained secretions or vnsible signs of adhesn e processes I 
am reminded however that the late Sir William Milligan speaking some 5 ears 
ago in this room expressed the opinion that the round vMndow placed as it is 
rather low m the tjTnpanic wall is more readily exposed to pathological 
disturbances which eventually curtail its resilience 

Suppurative Orms Media 

In the treatment of acute suppurative otitis media we have had the oppor 
tunity at these meetings to discuss those newer aids the sulpha group of drugs 
and penicillin 

If more children suffenng from acute otitis were admitted to hospital and 
there had the assistance and proper control of the new therapeutics no doubt 
the incidence of chronic suppuration would fall 

At the school clinic however it is most satisfactory to see so many discharg 
ing ears dry up and heal under simple conservative treatment by which I mean 
irrigation with a suitable mercurial lotion followed by the instillation of alcohol 
drops and the pursuit of granulations with the chromic acid bead 

Lotion for Syringin" 

B Mercuric chloride 4 375 gr (o 2838 g) 

Sodium chloride 4 375 gr {o 2838 g) 

Methyl violet o 01 gr (o 000&5 g) 

Aq ad 3 X (300 o c r ) 

Sig A tablespoonful to be mixed with three tablespoonfuls of 
vs arm vv ater and used for sj ringing out the affected ear 

Solvallae Hydrargjn Perchloridi in B P C 1923 p 1435 
which gives methjl violet I prefer this to the methylene blue of 
the later edition The liquid is dispensed to the avoid danger of 
keeping mercurial tablets m the home 

Spirit Diops 

B Acid Boric 10 gr 

Alcohol 3 I 

Sig Half a dozen drops to be run into the affected ear after 
washing out and drying with a cottonwool mop Repeat the 
drops later in the day after mopping out only 

I do not wish to raise a controversy about the relative merits of the wet and 
the dry treatment I find syringingin the hands of the school and child welfare 
nurses eminently practical so long as they have the encouragement of parents 
and teachers in the regular attendance of the child 

The letiology of much chronic suppurative middle ear disease is rather 
I mysterious We Know how responsible are the acute infections and of the 
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exanthemata Kerr Love gave first place to measles but some cases develop in a 
strange manner cspeciall}’ in the attic region and we have the problem of chole- 
steatoma. Childhood natural!}' provides the most useful period in which to 
study them. 

I .should like to sa}' a little about those cases selected for operation though not 
all of attic t}'pe. Wrat I call the “ black ” mastoid is often seen. The cortex 
being carefully removed we notice at once a dark reflex which suggests the 
proximity of the lateral sinus, but proves to be the first of a widely disposed 
system of cells filled with a mucoid-like substance and lined by a darkly-stained 
membrane. I should like to know what happens to the mastoid system of such 
children who have avoided operation and perhaps disaster well into adult life. 
Might these cells be crowded out eventually by dense bone as far as the antrum ? 

In operations for attic disease we may find in children unsuspected chole- 
steatomatous deposits filling the cells right down to the tip of the mastoid 
process. 

I should like to be better informed about the subject of cholesteatoma and 
the strange behaviour of the epithelium at the circumference of the tympanic 
ring. The child’s ear provides special opportunity to observe the progress 
of moist defects of the membrana flaccida and the dry crusts which form in this 
area and to speculate, not without anxiety, what changes are taking place 
beneath them ... I remember a publication by Marcus Diamant (1937). 
He believed that the otitic origin of cholesteatoma had not yet been proved 
and the title of his paper is in the form of a brief but significant question : 
Acute or Chronic Otitis ? ” 

What kind of major operation should be done to drain the middle-ear 
system in children to treat disease inaccessible to conservative measures ? 

I prefer to be kind to the tympanic contents after laying wide open the attic, 
aditus, the mastoid antrum and the attendant cellular system. One hopes 
thereby to retain more of the hearing function, but the tympanic lining has 
considerable powers of recover}' whereas the parts behind invaded in due time 
by a foreign covering of squamous epithelium are subject to changes of com- 
ple.xion. Might I be allowed to suggest that the younger otologist will be saved 
much wounding of his amour-propre by remembering that squamous epithelium 
lies uneasily upon bone. 

Ver}' occasionally I have performed completely radical mastoid operations on 
both ears in the child and I think of one, now grown up, who has given useful 
service to her countr}' in the A.T.S., though how this enthusiastic volunteer 
managed to slip through the net of medical inspection nowadays I cannot say. 

What of the after-treatment of the mastoid operation for chronic middle-ear 
disease in children ? I prefer to cut a Ballance’s flap of the soft meatal tube 
but would not cross swords with those of my colleagues who prefer to leave it 
uncut. A lightly filled rubber finger-stall is inserted and later removed with 
little pain to a child. The late Sir James Dundas-Grant thought well of this 
method. 

When dressings have been removed the car is washed out once or twice daily 
■^vith weak eusol and later with the mercurial lotion which serves well after 
^Ktharge from hospital. I am not depressed by some temporary filling of the 
cavhy by nature in the healing process. 
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Granulations of the meatus react u'elJ to the chromic add bead and in time a 
layer of some depth recedes leaving epithelium on a hard seat. The child is now 
made safe, his general health improves remarkably and his morale has not been 
depressed by treatment of the ear with gauze packing. 

In reading this Address I am aware that its teaching is elementary though 
supported ine\'itably by some experience provided by the passing of time, but 
we who practise medicine and surgerj* in this country arc on the eve of great 
events. Our rulers are busy planning a comprehensi\'e medical service for the 
nation and the problem of deafness has aroused fresh interest in high places. 
To help solve it we must begin with the child. I have no doubt that appeals 
by the otologist to develop his work for the children of the nation will be 
received with S5nnpathy and that means will be prov’ided to assure that it is 
well done. 
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Mk. Fkancis McGcckin said that they were all grateful for the President's 
provocative Address on a wide subject. There should be no such entity as 
tonsils and adenoids to be contracted out by local authorities The otologist 
should ha\’e the rev'iew of the whole child, accompanied by a parent, preferably 
the mother. Too little note was taken of the historical contribution which could 
be made by the home doctor. It was time that the local authorities realized that 
the consultation and observation were just as important as — probably more 
important than — operative work. As far as was practicable, decisions should 
be taken by the surgeon who was to operate. His own preference would be that 
these services should form part of the hospital service rather than remain an 
isolated unit. 

Some criticism of the term " catarrhal otitis ” might be advantageous. 
There were several groups ; {a) the accident of an acute otitis chiefly bacterial 
in type , (6) repeated acute otitis of varying severity, unilateral or bilateral, 
with satisfactory healing between attacks ; (c) the otitic lesion which u’as 

chronic from the start ; (d) recurrent negative pressure syndrome characterized 
by in-driven drum and a little retention fluid in the middle ear. In these cases 
the fluid was almost certainly not inflammatory and it was possible that it was 
no more than an accumulation of mucus not eliminated via the obstructed 
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tube. A further group (e) was the permanent perforation syndrome with loss of 
protection from without and the failure of the air piston from within. In these 
cases the bigger the perforation the more frequent the otorrhcea. but the safer 
the nuisance. 

In some of the aforesaid groups the mechanics and pathology were under- 
stood fairly well, but in others less well. Did the term " catarrhal otitis ” really 
describe any definite group either in relation to pathology or simple mechanics ? 
Did it cover a reasonable entity either in respect of the ear or the upper respira- 
tory tract ? Tonsils had little or no direct effect upon the ear, though acute 
diffuse infection invohdng the tonsils might spread to the ear, and anything 
producing great swelling of the palate might occlude the tube. The role of 
adenoids was fairly obvious. 

He believed it was just as unscientific to hold the entity of eustachian 
obstruction as of bile-duct or urethral obstruction, without regard to the specific 
mechanical cause. In the past he had said that he knew of four definite causes, 
and he wns still seeking for more. These causes were (i) trauma, w'hich might 
arise from unskilled surgery with damage to the torus and possibly from a 
fracture involving the muscular relations of the eustachian tube (barotrauma 
with flutter valve obstruction might also be included) ; (2) neoplasms, simple 
or malignant ; (3) oedema of the torus, secondary to inflamed lymphoid tissue 
attached perhaps to the posterior limb of the torus or secondarjf to a flow of pus 
over the cushion, e.g. antral suppuration with a deep uncinate gutter or a 
sphenoidal suppuration (in these cases the rounded tubal entry could be seen to 
be reduced to a mere slit) ; (4) adenoids, in w'hich case the usual obstruction 
arose from the mere covering of the tubal torus b}^ the adenoid tissue, but ho 
had already mentioned another possibility. The obstruction might be an 
uncomplicated mechanical thing or, if the cause be infective, then the aural 
result might be a mixture of inefficient in exchange plus bacterial complication. 

There was no time to cover adequately the etiology of chronic otitis, but 
he did hold the view that many cases — perhaps a considerable proportion — were 
chronic from the start, and he believed it was time the Section had a further 
full-scale discussion on cholesteatoma, which might include keratosis and aural 
dermoid. It had been his ambition, as yet unfulfilled, to have all the infantile 
ears in three hospitals in New'castle observed and noted each day. He believed 
that in this W'ay they might learn a great deal about the possibilities of congenital 
attic cholesteatoma and perhaps of primary' pseudocholesteatoma. They had 
still to solve the problem of the acute ear w’hich was smelly from the start and 
also of the extensive damage which might be quite unadvertised in the presence 
of a sterile cholesteatoma. 

The President had coined the epigram " Squamous epithelium lies uneasily 
upon bone ”. That he fully agreed wfith, but it might also be added that 
keratinizing squamous epithelium might lie quite easily in the middle-ear cleft 
until such time as an accident occurred. Nothing more than moisture was 
required to turn this innocent condition into something threatening and 
destructive. The accident might be a common cold with a mild otitis, a visit to 
the swimming baths, or some other slight incident, but he thought they must 
admit that many of these cases were rendered active by the mere use of an ear 
syringe or the instillation of ear drops. 
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The President had asked for information about radiotherapy in the post- 
nasal space The speaker had tried this on a few occasions where other therapy 
seemed unsuitable The numbers were insufficient to draw any conclusions, 
but he was prepared to be disappointed 

Mr ash Walford said that from expenence around Cambridge he did 
not think there was any difference in the incidence of adenoids as beti^een 
children from town or country The condition had nothing to do with environ- 
ment The ordinary country population certainly had just as much adenoids as 
the town There was also a considerable proportion of these children who were 
really suffering from antral infection rather than infected tonsils and adenoids 

Mr J F Simpson exhibited some radon seed applicators which he had had 
made according to measurements provided by Major Fowler of the U S Air 
Force These he had used in a very short senes of cases The small capsules 
which he exhibited, unscrewed and took a radon seed (75 millicunes) Both 
were put m the nose at the same time, after spraying with cocaine They were 
rested against the onfice of the eustachian tube, the handles crossed at the 
anterior nares and tethered wth a little piece of rubber band so as to bring them 
into contact with the eustachian orifice It was calculated that at a depth of 
0 5 cm from the wall of the capsule they would deliver a dose of the order of 
750 r at each application All these calculations had been made by the radio- 
physicist at St Maty’s It was very necessaiy m all this work to have the help 
of a radiotherapist When using radon seeds allowance must be made in 
calculating the time of application for the gradual decline in activity of the 
radiation The usual dosage, if the seed was fresh, was twenty-two minutes 
The capsules were left tn siiu both together for this period and four such daily 
applications m succession constituted a course More than one course was 
sometimes necessary and if the case required it one could wait two or three 
weeks, preferably three — before beginning another course 

Mr Simpson thought the treatment especially suitable for children in whom 
catarrhal deafness persists after removal of tonsils and adenoids and in whom 
politzerization gives only temporary improiement 

Mr Gavin Young said that there were two mam types of patients m this 
category One consisted of the patients who suffered from nasal allergy , 
very often these were only children, and they did not appear to benefit at all, 
or benefited only very little from remo\al of tonsils and adenoids The 
other consisted of patients with chronic antral disease It might be that in the 
damp west of Scotland they met more of these cases than in the drier regions 
of the south, but certainly a considerable number of cases did not clear up 
because of chronic antral disease, and he felt that rhinology had failed so far 
to deal adequately with this subject by failing to elucidate the pathogenesis of 
the condition 

Miss Winifred Hall said that her interest in these cases had been rather 
from the sociological than the clinical side She desenbed the working of 
school children's dimes where the responsibility for treatment was divided 
among several people, and stressed the need for these children to be dealt 
with as hospital cases, where all ear, nose and throat conditions could be treated 
by the same surgeon, who would also have full use of the hospital’s radiological 
and other facilities 
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^Ir. F. C. W. Capps said that otologists who were called on to advise upon 
the disposal of these children should also carry out the operative treatment, 
at any rate all major operations, and should have facilities to follow these 
children up aftenvards. He was asked, about 1934, by the Chief Medical 
Officer of the L.C.C. to make a survey of the aural treatment of children in 
London. He found the aural clinics verj^ scattered, quite isolated from hospitals 
and often in church halls and other unsuitable places. WTien operations were 
required they were seht awa}? to a hospital outside London and operations were 
performed sometimes bj?^ men of very little experience in aural surgerr’. Some 
results were verj' bad. Much of this was in process of alteration when the war 
broke out, and the otologists running these clinics were being attached to a 
proper L.C.C. hospital vnth all facilities and ancillar}’^ ser\uces. ' Here they 
carried out the operations themselves, and all the necessary follow-up was done. 
This arrangement, which had given much improved results, broke down owing 
to the war, but he hoped that it would be revived. 

As to chronic infection, or, perhaps not always “ infection ” — sometimes 
there was a chronic thickening of the lining of the mucosa of the antrum 
which led to improper ventilation or possibly improper insulation — he believed 
that in a large number of cases a routine X-ray picture of the sinuses was 
desirable. This need only be one view, to show the antra — the etlunoids were 
not so important as the antral cavity. He had found, too, that X-rays yielded 
r'aluable information upon nasal obstruction b}' adenoids. A true profile with 
soft tissue e.xposure was used. 

He was prepared to confirm the President’s impression that some of the 
cases of recurrent otitis media were hereditary. 

JIr. R. G. Macbeth suggested that although it was admirable in theor)' that 
an otologist should be in ultimate charge of the investigation of these children, 
it was perhaps impossible in practice for him to see all of them. He wondered 
whether there was not a place in the scheme for the school medical officer with 
special experience, possibly the D.L.O., to act as a filtration bed. Many 
routine cases could thus be dealt with, and those requiring the otologist selected. 
It would be a tragedy if otologists were able to do less than their dutj' to those 
children most needing help, because they were expected to see very large 
numbers. 


Mr. E. D. D. Davis said that he was in full agreement with the President, 
Mr. Capps and Miss Hall that all these cases should be examined thoroughly by 
an otologist in a properly equipped clinic. The patients should be examined 
again bj^ the surgeon who undertakes any operation. 

T^Iore could be done to prevent catarrhal infections in school children. 1 he 
3'oung child during his first term at school lost three-quarters of it through bad 
colds. Such a child is a carrier and should not go to school during a cold, 
but the mother complains that in that event the child lost his dinner and his 
free milk. He thought there should be some form of isolation. If a roll is 
called any child who showed signs of a cold should be inspected, and, 
temperature was above 99° he should be sent home or isolated with other 
similar children. 

The ventilation was important. It is stated that the temperature o t u 
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Schoolroom should not be above 65® A temperature above 65® meant fhat 
the ventilation was inadequate 

He had seen cases treated by radium and deep X-ray therapy in wlRch 
burns had occurred and the mucosa never recovered its normal condition 
Serious damage had been done without any benefit to the patient He ad\ fsed 
e\ ery otologist to be guided by a skilled radiotherapist 

Mr R Scott Stevensov said that as ue knew very little about the rerr^ote 
results of radium in the tissues of children it was to be hoped that it would 
be used indiscriminately nor without careful supervision by an expert on radio- 
therapy 

Mr W a Mill emphasized the dangers of unregulated radium treatment 
^Ir a M Ross said that one point to which attention should be drawn as 

that general practitioners and the public were still not sufficiently alive to the 
dangers of ear trouble in children The dangers tended now to be further 
masked by the tendency to give the siilphonamide drugs for earache without 
much discrimination 

Dr J Alison Glover said that thelatest figures for pubhcelementaryschool 
children in London for the incidence of running ears was 0 5 per cent , the 
figure was some nine times that when he first entered medicine, and all otoiog 
ists were to be felicitated on so great a reduction He was heartily m sympathy 
with those who had spoken about home conditions These — and, of coufse, 
school conditions also — w'ere most important factors in otitis Perhaps 
school hygienic conditions were not quite so important as home conditions, 
but they were extremely important, and every improvement in school buildifigs 
and in the home was to be welcomed Fortunately, the overcrowding neceSSi 
tated by war conditions did not seem much to have affected the picture for 
some reason or other the incidence of otitis, the mortality from rheumitt^c 

and scarlet fever had all been going down recently 

Asked by a member whether it would help matters at all if otitis were to 
become a notifiable disease Dr Glover said that he would rather doubt whether 
forma] compulsory notification would be helpful 

The President, m replying said that the question of acute or chronic 
otitis ” in relation to the origin of chronic middle ear suppuration led one to 
inquire into the difficult problem of how cholesteatoma originated 

Mr Simpson had shown how the “ cross-legged " method recommended by 
Fowler was used for his radon applicators so that the applicators would remain 
closely applied to the region of the eustachian onfices He himself feared to 
use radiation in any form After all, the pituitary was not very far away ^nd 
though It w’as true it was shielded by bone, it was the key gland of the endocrine 
system and serious consequences might follow if it were disturbed 

Mr Davis had suggested that the otologist was worthy of his hire Thos^ m 
authority could not neglect the problem of the prevention of deafness and tfiat 
of the complications attendant on middle ear suppuration The otologist 
must also perform a certain number of operations on the lymphadenoid tissue of 
the throat 

Mr Scott Stev’enson also had uttered a warning about the use of radiation 
Among other points raised was the general practitioner’s over-use of tbe 
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sulpha drugs, but nevertheless he would rely on the judgment and wide experi- 
ence of the general practitioner in their administration, though warn him of 
cases of persistent deafness and latent mastoiditis which sometimes followed the 
abatement of acute symptoms. 
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The Two-place Theory of Hearing Goran- de Mare Acta Otolaryngologica, 
5, xxxiv, 1/9 October 31st 1946 

The author is discussing a paper of Ruedi and Furrer Acta Otolaryng , 
\x\iii, 460 He considers that the t\vo place theory of heanng supersedes the 
resonance theory of Helmholtz as a working hypothesis and gives reasons for 
this A considerable amount of expenmental work done by the author is 
mentioned to support this contention This paper is of considerable help for 
those attempting to understand the physiology of heanng 

G H Bateman 

Studies on the effect upon the hearing through Air Conduction brought about by 
Variations of the Pressure tn the A udtlory M eatus Helmer Rasvusses 
ActaOtolaryngologica 5 xxxiv 1/9 October 31st 1946 

Using a modification of the pneumophone of Dishoeck the author has 
examined the vanation in heanng caused by raising and lowering the pressure 
in the external auditory meatus As was expected tlie heanng for most 
frequencies was reduced by both increase and decrease of the pressure Ho\s- 
ever wth certain frequencies around 8,000 cycles the loudness of the tone was 
increased by a high over pressure about 30 to 50 centimetres of \\ater He 
discusses the possible explanations of this unexpected phenomenon 

G H Bateman 

The Inter Athco-Tympanic diaphragm tn the newly born Chatellieh, H P 
and Lemoine J Les Annales D Oto Laryngologie 1946 xm, 1112, 
434-466 

A detailed account of the anatomy of the middle ear of the infant is gtx en 
This descnption is based on the study of three dimensional models of the 
middle ear, built from superimposed photomicrographs on glass plates produced 
from a senes of tissue sections 

The authors conclude that the infantile tympanic cavity is incomplete!} 
subdivided into an upper and a lower cavity by a trans\erse horizontal septum, 
which they call the inter attico tympanic diaphragm 

The upper cavity which consists of the attic and aditus communicates 
with the lower cavity — the tympanic cavity proper — by means of a small 
aperture in the transverse honzontal diaphragm This aperture measures 
2 mm in diameter and is situated between the stapes and processus coch- 
Jeanformis 

In otitis media the upper cavity may be cut off by cedematous occlusion of 
this aperture, and although the lower cavity may dram and clinical resolution 
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appear complete, yet after an interval mastoiditis may develop due to 
backward extension from the undrained upper cavitj*. 

The article is well illustrated by photomicrographs and diagrams, and 
clinical cases are quoted in support of the applied anatom\'. 

1 . A. M. Macleod. 

A better surgical approach for Neoplasms of the Eustachiau Tube. Jacob 

Maurice. Les Amiales D’Oto-Laryngologie, 1946, xiii, 7-8, 322-332. 

A detailed description of an oblique approach for tumours of the eustachiau 
tube and lateral nasopharjmgeal wall is given. Briefly the method is as follows : 

Using an external paranasal incision on the side opposite to the lesion, the 
maxillarj' antrum is freely opened. The medial wall of the antrum is removed, 
exposing the nasal cavity and the septum. By resecting the posterior portion 
of the septum a good exposure of the lateral naso-phar^mgeal wall is obtained. 
The advantages claimed for this approach are : — 

1. Ease of access, 

2. Clear field of vision, 

3. Avoidance of mutilation. 

The importance of combining radiotherapy with surgery in such cases is 
stressed. The author is in the habit of operating 4-5 weeks after the cessation 
of a course of radiation by lateral fields. 

I. A. JI. M.tCLEOD. 


LARYNX 

Surgical Treatment of Intractable Laryngeal Stenosis. Aubry, M. Les Annales 
D’Oto-Laryngologic, 1946, xiii, 11-12, 567-572. 

The author describes his operative technique for the relief of old standing 
lar3mgeal stenosis due to partial loss of the cartilaginous framework, r\'here other 
methods have failed and a trachetomy tube is worn. 

The operation is conducted in two stages. The first aims at establishing the 
lumen of the glottic and subglottic areas. The second is designed to increase 
the lateral and antero-posterior diameters of the supra-glottic region. 

Stage I. — The larjmx is opened through a vertical mid-line incision and the 
lumen in the glottic and subglottic regions is re-established by excising any scar 
tissue, at the same time conser\ing health5'’ mucous membrane. The raw 
surface is then covered by a skin graft obtained from the neck. The lumen 
of the cavity is maintained by a stent mould and the larjmx is, closed. 

Stage 2. — ^Three weeks after completion of Stage i the larynx is again opened 
b}’ a fresh vertical incision. Scar tissue obstructing the lumen in the supra- 
glottic region is excised. A transverse incision is then made at the level of the 
h5'oid. Dissection frees the body and one greater cornu of the h}'oid bone, 
leaving the other cornu undisturbed. The mobilized hyoid is then swung 
obliquely' downwards and the free greater cornu is sutured to the inner surface 
of the corresponding ala of the th3n:oid cartilage. 

The epiglottis is draum forwards and anchored to the pre-hyoid tissues 
b}’ two deep chromic catgut sutures passed round its base. A stent mould is 
placed in the cavity and the transverse and vertical incisions closed. 
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The mould is remo\ ed at the end of si\ weeks and tlie tracheotomy opening 
IS closed 

By tending to return to its original horizontal position, the hyoid keeps 
the ala of the th5Toid prised laterally, and thus maintains the lateral diameter of 
the laryngeal lumen 

For details of technique the reader is advused to consult the author’s onginal 
article 

I A M Macleod 


(ESOPHAGUS 

Tuo Cases of Oesophageal Paralysis Eschbach H and Bonhomme L Les 
Aiimles D Olo Laryugologie, 1946, xiii, 9 and 10, 458-461 
Two interesting cases of cesophageal paralysis are noted 
I (Esophageal paralysis was the first manifestation of post diphtheritic 
paralysis, drop foot subsequently developing There was no palatal 
paralysis 

IJ The cesophageal paralysis was due to botulism and was associated with 
paralysis of the soft palate and the occular muscles of accommodation 
In both cases dysphagia was complained of Banum swallow showed a \ ery 
rapid descent of the barium and cesophagoscopy was remarkably easily 
performed due to the gaping patulous oesophagus 

I A M Macleod 

MISCELLANEOUS 

Bullous Eruptions of the Upper Respiratory Tract Bouelet and Labayle 
Les Atniales D Oto Laryngohgie, ig ^6 \iii 7-S 2Bg‘yo2 
A discussion is given on the classification and differential diagnosis of 
bullous eruptions occurring in the upper respiratory tract Particular 
reference is made to a type of lesion seen dunng the German occupation This 
consisted of a painless bulla or group of 3-4 discrete bullae situated on the base 
of the u\ula the pillars of the fauces or the posterior pharyngeal wall Those 
bullae were often hcemorrhagic but there was no inflammatory change in the 
surrounding mucosa 

No systemic upset accompanied the lesions which persisted for 2-3 weeks and 
healed without scarring 

Vitamin deficiency was thought to be a causal factor 

I A J\r Macleod 
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LETTER TO THE EDITOR 

To THE Editor, The Journal of Laryngology and Otology. 

Dear Sir, 

In response to the inquirj'^ made by Dr. Tumarkin in j'our Journal of 
October, 1946 , 1 wish to state that my view concerning the relatively shortened 
bone conduction maj* hardly be tenable. 

The studies on which this view was based were carried out some 20 odd 
5’ears ago, when the loss of hearing for air and bone conduction was not cal- 
culated in decibels, and thus I happened erroneously to reckon with too great a 
loss for the bone conduction. 

This apparent discrepancy between air and bone conduction became the 
more striking as the examinations were not carried out in a sound-proof 
room. 

Commune Hospital, Dida Dederding. 

Copenhagen. — May 12th, 1947. 


IMPORTANT NOTICE 

This issue completes the Journal for 1946. Owing to 
paper and odier shortages it has been found to be 
impossible to catch up with the year 1947 and so bring 
the issues up to tlie current month. As it is most 
unsatisfactory and confusing, both from authors’ and 
readers’ points of view, to publish articles a year after they 
have been written, it has been decided to eliminate 
entirely the year 1947, so that the next issue will be 
dated January, 1948. 

Walter Howarth. 
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